DtCOBENT BBSOHE 



. .' ED 211 "329 

ft ' , 

..&OTHOE 
TITLE 



INSTITOTION' 

SPONS AGENCY 
POE DAIE 
GRANT 
♦NOTE 

EDES PBICE 
DESCEIPTORS 



A 



■ • . . SE-035 S07 

Kuntzr Robert J.^: • And - Others. , 

Engineering Educat-icn and Jiicensing In California^ 
Beport to the Califcrnia Ppstsecondary, Education 
commission. Commission Eepprt^ 81*19* ' ^ . 
California state Postsccdndary . Education Commissi^on, 
sacraj^^fntOi ^ ' ' 

National science Foundation; Washiij^ji^n G.* 

NSF-SED-75-T9'328 

308p,; Contains occasional ligjit 



and 



"trcken 



type> 



MF01/FC13 Plus Postage. 
♦Accreditation, (Institutions); ^Attitudes;* 
♦Certification; Continuing Education; ♦Curriculum 
Evaluation; ♦Engineering Educat;i6n; Higher Education;* 
Industry; Postsecond^ry Education; Q^alif ic2^,tion^; 
Science Education; State Licensing Ecards; . » " 

♦ surveys ^ ' ^ 



ABSTBACi, 

''T|ie National Science Found 
the Commission on Postsecondary, Education 
the interrelationship between education^ 1 
pr^ctic€ with the intent of ident if ying»a 
continuous monitoring and-" evaluation of th 
was conducted over a fourteen'^month period 
review of , several large engineering ptojec 
recognition. These projects were analyzed 
elements or "fields of ^understanding" that 
the 'project and decision-making procesi^ I 
of engineering practice^ -the basic curriqu 
we?:e evaluated^ and the attitudes ct stude 
were surveyed. The history^ nature^ and pr 
registration yere also reviewed* (Author/J 



atvon awarde 
of Califoiri 
icensing, an 
niech^nism fc 
ese processe 
and include 
ts, that had 
to identify 

b^c^e inte 
n light •of t 
la in engine 
nts;' faculty 
eserit status 
N) 



d a grant to 
a tfi ^examine- 
d en§4.neering 
r the A • 
The study 



d an ejctensive' 
achi^^ved public^ 
•l;l3e ©ajcr' 
gra:l .pa^rt^ of 
t€ bread nature 
ering education 
, and industry' 
of engineering 



/ 



I 



♦ fieproductiqns -supplied by,EDfiS are tH-e best that can be made ♦ 

* ' from the original document* ♦ 

**************** *********** 



/ 



COMMISSION REPORT 81-19 



U A DEPARTMENT OF EDUCATION 

NATIONAL INSTfTUTE OF EDUCATION 
EDUCATIONAL RESOURCES INFORMATION 

J CENTER JERIC) 

|^h«s document hac been reproduced as 

recerved from the person or Prganuation 

originating it ' 
□ Mmof changes have been made to improve * 

reproduction quaflty 

• Po»nts of view or opinions stated in this docu- 
ment do not necessarily represent officorNIE 
position or policy. * 



"PERMISSION TO REPRODUCE THIS 
MATERIAL HAS BEEN GRANTED BY 

. g/Tesftx. or 
/Wing D;ry.c.ipr 



TO THE EDUCATIONAL RESOURCES 
INFbRMATION CENTER (ERIC)." 



. ENGINEERING EDUCATION 
AND LICENSING IN CALIFORNIA 

A Report to the California Postsecondary Education Commission 



, Professional Engineering aVid Research Consultants 



CALIFORNIA POSTSECONDARY EDUCATION COH^MISSION 
1020 Twelfth .Street Sacramento, California 95ai4 

. / (916) 445-7933 




' ' ^ TABLE OF CONTENTS 

/' 

i. SUMMARY OF FIGURES 

• SUMMARY OF TABLES 

1 . • • • , X 

FOREWORD • . ^ 

I.' LNTRobuCTION ' * / ' . 



511. PROGRAM description"^ 

III. GENERAL OBSERVATIONS AND" IMPLICATIONS OF THE STUDY 

I 

IV. RECOMMENDATIONS 
V. COMPREHENSIVE SUMMARY 

• • • / 

A. Societal Needs/Wants 



B. Engineering Education 
•1 . Prior Studies . 
i. Accredi^ion 

3. Hiring, Promotion . and Tenure Selection'criteria 



1 

3 
9 

A ' IS 

15 
15 

1. Fields of Under^andjng . 15 

2. Degrees, of Understanding \ • [ 

16 
16 
17 
' 17 

4. Undergraduate- Engineering Curricula . ig' 

5. Continuing Education , 2o 

^ > . " ^ • • • 

\ 6. Interviews ' 2o 

C. Engineering ^Registration ^ 2i 
1 History 

2. Critical Analysis of the Act ^ 

3. Examination Process * -21 

4. Grandfathering and Other Registration Al terna^tives 22 ^ 

D. Forum on Engineering Education and Registration 22 
If Initial Review 23- 
1\ Forum Proceedings 24 • 

» K 

„ i'.- - - - • 



21 
21 



E, , Engineering Adv\isory Committee " ^ . 

DETAILED DISCUSSION 

f 

A, Societal Needs/Wants , . 

1. Fields of Untlerstanding 

2. Degrees of Understanding 

3. Survey of Engineering Deans and Engineering 
, Employers 

^ a. Deans of Accre^dited Engineering Education Programs 

b. Employers of Engin^rs 

% » 

c. Comparison of Responses Rating the Fields* of 
Understanding 

d. General Observations 

B. Engineering Education , ' * 
1 Prior Studies- 

a. Report of the Evaluation of Engineering 
Education — 

b. "General Education in Engineering: Report^ of tjje 

Committee for the Humanistic-Social Research 
Project ' ' . ' 

c. An Eng'ineering f^sster Plan Study f6r the University 
of Cal ifornia , - 

d. The Prelimijfiary and Final Goals, Reports , . 

/ e. A Study of a Profession and Profeg^sional Education 

f. Liberal Learning for the Engineer 

g. Future Directions for Engineering Education:' System 
Response to a Chcinging World - « \ • 

h. Project E-E: Energy and Engineering*. Education 

i. ^ Summary - ^ 



j. Authors ^of -Previous Studies 

1. Evaludljion of Engineering Education " 
t 2. Engineering Master Plan Study 

3. Final Goals Report , . ^ 

4. A Study of a Profession and Professional^^ 
Education - ' 

5* Summary* 

2. Accreditation ' " ' ^ 

History 

.b^- Organization - ^ 
c* Summary 

' . • - \ . ' 

3. Hiring, Promotion and 'Tenure, Evaluation 

a. F&culty Education background 

b. Faculty Engineering Experience' ' ' 

c. Hiring Practices 

d. Tenure Evaluation and Promotional Review 

e. Attitude Toward Tenure 

4. ^ Undergraduate Engineering Curricula 

a. Required Curricula 

1. Technical Course' Requirements 

2. Ethics *, - • - 

3. Communication Arts - " 

•4. Program Flexibility . ' • . ' 

5. Life Sciences 

6. Unit Requirements 

7. Summary / ' . 



53 



60 



63 




b* Elective Curricula ^ 
« 

c; §Qmniary 

Graduate and Continuing Education ' 
\ 

a* Graduate Education 

t *• 
Formal Conti/iuing Education 

1. . The -Continuing Education Unit 

2* tontinued Education Participation 

3. ^Summary 

•Interviews - ^ 

a* Employers -o^-Engineers 

^* 1» industrial Considerations 

3* Pbsitive Points of Bachelor's Degree 
Education 

3. Deficiencies in Bachtfljpr's Degree 
Education 



4'* Engineering Technology Degrees 
5» Continuing Educatioh 
6» Industry Recommendations 
' ;?/ Summary 
b* Discussions with Recent Graduates 

• 1 • Summary 
c^ Discussions with Current Students 

1. Comments on Faculty 

2. Comments on Curricula 

3. Comments on Community Colleges 
4* Comments on 'Work Experience 



r 



5/ Relevance of Engineering Education to - ' . 

the Job Market 

6, Summary ^ ^ 

' • d; • Discussions with Faculty • ^ 

1. Relevajice of Engineering Education to 
Engineering Practice 

' 2* Credit-Hour Requirements " 

3. Engineerina Courses for the Nontechnical Students 

4. Relevance of Engineering Education to 

' Engineering Registration * » 

5. Summary • . * ' ' 
7. General Observations , ' " 97. 
Engineering Registration ' * * . go 

1. History of Registration of Engineers in California ' ' 98 

. a. Summary ' • ' ^ ^ 

2: " 'Critical Analysis\f the Act ' 'i02^ 
a- Powers of the Board ^ 

^b* Engineering Registration and Educational 

Requirements \ 

c. Disciplinary Provisions / 

d. General Administration '^i - * 

e. Public Health and Safety ^ ' 

•f . Summary , - m • ^ 

3* Examination Process ' \ • 109 

a. National Exams ' ' 

b. Examination in "Fields of Understanding" ^ 
c* Summary i 



4, Grandfathering' and Otl^erT^egiTtT^ati^^^ 1 1 9 

a. - Grandfathering 

b. Experience as a Registration Alterjj^tive^ 

c. Reciprocity as a Registration Alternative 

d. Summary ' 

5, General Observations 123 
D.. Forum on Engineering Education and Registration 124' 

1'. Forum Planning * 126 - 

2, Modification of the California Engineering Registration 127 
Act . 

a. ; Purpose of the Act. 

b. Defirfitions 

c. Administration of the Act 

d. Education ' ' , 

e. Rules of Conduct 

f. Registration ^ ^ . . ' ' ' 
g/ . Examination Content 

— h. Exemptions 

• i. Advisory Committee \ " 

3, SummarT^of Written Reviews of SB 17 Preprint' 133 

a. Engineering Education I 

b. . Breadth of Engineering Education 

c. Adequacy of Engineering Education 

r 

d. Accreflltation 

e. Engineering Registration ^ 



v1 



ERIC 




^fT^ecessityfor Change 
g. Registration 
h» Exemptions 
^ i. Registration by Technical Discipline 
^ j. EIT Examination 
k. Rules of Conduct 
1. Effect of Proposed. Changes 
m. Summary 

4. Summary of Forum Proceedings 

a. Purpose of Engineering Registration 

b. The Need for Change/Justification ; 
^ c. Defin it-ions 

^ d. Education 

e. Rules of Conduct* ^ 

f. Registr^ition 

i 

g. Exemptions ' . ' . 
h* ^ Summary 

.i- Conclusions from the ForunI Proceedings 

5. General Observations ' 
ENGINEERJNG ADVISpRY COMMIHEE ' ^ 
A. General Purpose ' * • 

8. / Description of the Engineering^Advisory C6iimiittee 

C. Composition of the Engineering Advisory Commtttee 

D. Duties of the Engineering Advisory Conimittee 



V1 1 



-VfH. BIBLIOGRAPHY ' 

■ IX. APPENDICES ' . . ■ ' 

• A. , Engineering Projects^-Analys.is 

B. Hiring, Promotion, and Tenure 'Attitudinal Survey 

C* Review of Prior Tepure' Studies 

* > 

D. Professional and Techjii^aJ Society Stirvey » 

Continued Professional Development Requirements . 
for Re-li censure * * i ^ • • 

F. NCEE "Model Law"— Engineering Registration 

G. Industry Survey on Education and Licensing 

H. California Grandfathering. Procedure for Engineering . 
Registration (Bulletin 3-75,' BoaVd of Registration for' 
Professional Engineers) A 

I. Senate Bill l? Preprint," Senator Albert S. Rodda ' 
J. Five-Year Plan for Postsecondary Education 



A-1 



•173 
to J-3' 



) 



■10 



viii 



i. SUMMARY OF FIGURES 

1. INPUT MODEL - ENGINEERING RELATED SOCIETAL NEEDS/WANTS 

2. .INPUT 'model - four-year' UNDERGRADUATE PROGRAM ■ 

3. INPUT MODEL ENGINEERING LICENSIlJ^LAW 

CURrIcU^UM EVALUAThlN FROM DEGREEs'\GRANTED 

' \ y 

5.- PERCENTAGE DISTRIBUTION OF EXAMINATION PROBLEM-POINTS 
WITHIN- "FIELDS OF UNDERSTANDING" \ , 

\ • 

^ 



4 



/ 



tr. SUMMARY OF TABLES • . • . 

1. RATING Or/IELDS-OF UNDERSTANDING BY ENGINEERING DEANS 

1. RATING OF FIELDS OF' UNDERSTANDING BY ENGINEERING EMPLOYERS ■ 

3. CATEGORIZATION OF RECOMMENDATIONS OP PRIOR STUDIES 

4. CURRIC-ULUM EVALUATION - MECHANICAL EfiGI||BRING REQUIREMENTS 

5. CURRICULUM EVALUATION -ELECTRICAL ENGINEERING REQUIREMENTS ' 

6. ' CURRICULUM EVALUATION - CIVIL ENGINEERING REQUIREMENTS 

7. CURRICULUM EVALUATION - CHEMICAL ENGINEERING REQUIREMENTS 

8. -PERCENTAGE AND RANGE OF CURRICULA IN EACH PROGRAM DEVOTED 

TO EACH "FIELD OF UNDERSTANDING" 

9. STATISTICAL SUMMARY OF EXAMINATIOMNALYS.IS • , , 
10. NCEE EXAMINATIONS CONTENT ' ' . * 

1*1. CALIFORNIA LICENSING ACTIVITY AFTER INITIAL '"GRANDATHJiR" PERIOD 



4 



12 

X 



ERLC , . , 



( 



V 



.iii. FOREWORD ■ , 

• f 

Although engineering education has been one of the most studied ' 
activities in the educational field, the primary objectives of this 
study emphasize the relationship between the education of engineers, 
the State requirements for licensing of engineers to -protect the 
public, and the practice of engineering, -it has illuminated some of 
the principal elements o| the total profession of engineering. 

The National Science Foundation. awarded a gra*nt to the Commissipn on 
Postsecondary Education of California to examine the interrelation- 
ship between education, licensing and engineering practice with the 
intent of identifying a mechanism for the continuous monitoring and ° 
evaluating. of these processes. 

The study was conducted over a fourteen -month period. included an 
extensive review of several large Engineering projects thaVh^ ' 
?S^n?-l P|^bl derecognition. These projects were then analyzed to 
Identify the major elements or "fields of understanding" that become 
int^ral parts of the project and decision-making process. In light 
or tne broad nature of engineering praj^tice. the basic curricula in 
engineering education was evaluated, and thr^ttitudes'of students, 
faculty, and industry were surveyed. The fistory, nature, and present 
status of engineering registration were alSo reviewed, and the poten- 
tial tor major changes , in registration practices- was evaluated. 

A mephanism for continuous evaluation of this critical professional 
rieid was proposed to provide* assistance to. both- the Commission on 
Postsecondary -Education and the; Board of Registration for Professional 
Engineers in California. ■ 

The findings and recommendations of this study are presented to stimu- 
late critique and thought concerning the education and training of 
engineers and the establishment of minimums, in terms of State licen- 
sure, for the protection of the public health, welfare, safety and 
good. -It IS hoped that the basic areas of knowledge, or "fields of " 
understanding" identified and defined in this study will become the 
criteria for, and serve as the mechanism for the implementation of, 
continuous program evaluation and review in the development of engi- 
neering education programs'. It is further hoped that the results of 
this study will serve as an aid in the effective correlation of degree 
requirements with registration and licensing practices 
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ImL?? ^hJc i- '^e^^secondary Educa'tion Conmission is pleased, to : 
75 79328 f^nrihl J%P9^^-J° satisfy the requirements of Grant #SED 
75-19328 from the National Science Foundation. The study project 
■?f in . September, 1975-, affd w^s completed in November 1976 

Sta r L'- tr^lnn'- > "'^-"'"^ ''''''' °' engi.,eering ed3ca|S; 
btateregi strati on of engineers, and the practice of enainelrina a<; 
exemplified -in- the conduct of several majSr eSg?neerinS^in?!e^ 

The project manager wa§ Dr; Kenneth B. O'Brien, Associate Director' 
SMl;rr!I''D'^°f Education Commission. Itelearch waVX 

ducted by Professional- Engineering and Research tonsaltanls {*) 
The principal investigator was Robert J. Kuntz. P.E AdditionaS- 
JssTstan'? 'Snn ."'Jn?? Peoplej^aui Hink?e 'fr 
Assistant; Poma Billington, Richard Fryer ,-and Thomas McCreerv 

r^E- 

^entvi/un^^ersity 

Ss^^an^rtn'th'lc'''''^'^'^! ' ^rl^'^'' organizations .provided 
?he fo?lowina tfl-^"'^- appreciation is .expressed to 

the following for their coopefra'tion in the preparation of this study: • 

Senator Albert S. Rodcl'^»* Chairman, Serwte Coimiittee on 7 
Education, California State Legislature " ^ 

■ Jn^?!f ^^f ^VL^' Chairman, Assembly Committee 

on Education, California State Legislature 

* 4 

Assembly Offipe.pf Research, California State Legislature 
Office of Legislative Counsel, California State Legislature 
PniJlpI"'^ °^ Registration for Professional - 

' c]l1forn^^■iS:a"/^'"^' {"'""^^y committee on Education, 
untornia State Legislature * -r-^ 

sliJAftu'''^^'^'^'^'' President, California State College." ' 
C^Iii^bJjiaXu'-'-' ^ 

Sj*r,^?-^f P'Neill. P.E., Dean of En'gineering, University ' 
of California, Los Angeles ^ vc.an.y 
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Sr. Robert Valpey, Dean of Engineering,' California 
Pohytechnic State* University, San ,uis Objspo 

Professor Robert O^Neal , J,D,. McG^orge School ^f'Law» 
Univiersity of the Pacific ^ | 

Morton Fine, P.E., Executive Dipecj;or ^-National Council 
for Engineering Examiners [ , , 

Milton lunch, J^O, ,^ General CounseW; National Society 
: Professional Engineers H 

Dr. J.ames Kellet, U.S. Energy .Research and Development 
V Admin istf^at ion 



for^ ^ t 



Staff of the California PostsecoYidary Education Commissfon 



This report was prepared with the support pf National Science Founda- . 
tion -Grant #S^ED 75-19328, Any opinions, findings, conclusions or 
recommendatiolis expressed herein ara those of the author and do not 
necessarily reflect the' views of the* Nati^onal Science Foundation . 
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II. PROGRAM DESCRIPTION 



' Il^flhrf .""h^'?-'"'^ policymakers haVe become increasingly 

ZlLl it ff Si^d'^-'''' r^'-ly «^ery aspect of modern life^ ' , 
wnetner It IS in the design an^con struct ion of a road or a nuclear 
power, plant, the development M new aircraft or inissile system Sr ' 
the production of consumer goods, engineering pract cl dirlSly affects 

• H ;5 ria ; cr t'ir^l '''''' I'' '''''' policy hal'be^'Istab! 

nsned in many critical areas where a need for protection of the public 

e^1s?ra\t^^^^ 

lllsidllTfUl P°^;jy^3'<e''S have added many legalities L nontechnical 
considerations to the practice of engineering so that engineers must 
5hP nn^^ ' ^"?^l«dge of the technica^skills necessfrHo produce 

Z f ^.^^''^^^s that society demand?, but also must be awa?e 
Jfftrf "°"^^^')"^"^ considerations^hich often have an overriding 

Ser nItfJSttS;? TJt-'''-. ^^^^fr"'^^' engineering education, 
wnetner institutional, continued or otherwise, must' provide both the 

technical and nontechnical unij^rstanding" necessary. tS practice the 
profession in the giodern social environment. • " 

Ilan^wM^h^Sf^^ru^^! ^J^^^^^ involved the development of a program- 
plan which defined the total, scope of activities in each of the areas 

solutionl'^JhlVnnJp ?'nl "'h'' that require 'engineering and scienl?fic 
tinn-^ndViS ^2"^^"^ °J '"'^ parameters affecting engineering educa- 
llTfL P'-ocesS Qf the registration of engineers urtder 

State law in California. Input models were developed to identify ?he 
r meters affecting each of the principal areas of concern see^rg 
ii a\ , °^ these parameters was analyzed to develop a series 

'-ationale behind each, aJd the methodology ?Sr 
obtaining the data from each delineated souY-ce «'-"oaoiogy tor 

'iSI'nJi'" iaenti'fied all of the 'ar;pas of consideration; however, it 

?Sn^rJ nn °^ -^^ ^^J^^- T^ierefore, those areas having the greatest 
orinHtS engineering educat on and licensing were taken in orde? of 
priority^ The remaining tasks may be implemented in subsequent studies. 

In the Fall of 1975: the 'California PostsecondaT-y Education GBknnission 
studrrnJ^il?''"^-^^ the National Science Foundation to oon^i a 

?n'%hToTst^:rS!"^ "''''.^^^"^ '^'''r'' ^^"^^^"^ . 

The necessity of such a study arose from the observation of current 

f"scfencrh'arhL'n'?h%°f^''i;- ?"/e«nt years, the rapid adLlSment • 
or scignce tias been checked by rising public concern over the quality 
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of life directed by our highly technical society, 
.found that tH^y must deal not only with their technological special 



Engineers have 



. - — ^. ..WW w.ii^ rriuii uiicif ucuiiriu I ogi ca I special- 

con^pr!!.Hin° "Jj^fJJ®-'""!- o^e"vironmen'tal quality and resources 
conservation. Shifts in national and; state policies have left hun- 
dreds of specialized engineers out of work. Thus, this study addressed 
the concern of whether future engineer^will have the ski.lls and com- 
petencies necessary to meet socie^l n^ds ^thereby providing a 

Sl"?hp^'??^'-''"^''°" ^° The' general goals' of the s?udy 

were the following: ' o«.uvjj 

t 

•r. To demonstrate the ability of industry, the practicing^ 
. , profession, educational institutions and governmental 

bqdies to work together in* an ongoing review of engineering 
education and licensure and provide a mechanism for their 
inte raction. 

2, To determine, in terms of disciplines and skills, what the 
xomposition of the profession should be, in order to 
provide the skills and "fields of understanding" necessary 
in the future society. 

lu.^f^^ri'.''"® ''f ^'J® undergradSte engineering program 



3. 



^ should stress Jjasic principles, technology, a mixture of 
these, or liberal -arts courses in order to provide the 
necessary "fields of understanding." 

4. TQ_detemiiifiJiow licensing* requirements should relate to 
engineering curricula and to the needs of society in order 
to promote the public health, 'welfare, safety and good. 

The program objectives are well within the scope of the "State Goals 
for Postsecondary Education" described 1n the Five-Year Plan for 
■bv thp?ffi 7 Education in Californja: 1976:iCTOnra7iTeif adopted 
by^the>£a^i forma Postsefe-ndary EducatiorcHiiJrssfon. These objectives 

- To encourage the increased effectiveness of accleditation 
of postsecondary education institutions, in ^ State; 

- To encourage postsecondary education to develop a compre- 
hensive system of valid measures for knowledge gained both 
inside and outside formal academic programs; 

« 

- To encourage the establishment of educational requirements 

for licensure that are appropriate and reasonable in certifying 
occupational, competency and the development of means for' 
. meeting these requirements including both educational programs 
and competency testing; and , P'oyrdms 
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- To work toward public understanding of the nature and sig- 
nificance of academic degrees, i^cuding their strengths and 
limitations as a measure of ability and skills. 

Th£ program was divided Jnto three major areas of investigation: 

^ !• An examination of societal needs in general, while looking 
at three large engineering projects specifically; 

2. A study of engineering 'education; and 



3* An evaluation of engineering licensure in^California* 

A Planning document was prepared to identify the principal task^ in each 
of the three areas/ This document identified many more subtasks than 
^ could be accompli shed, under tlje limited icope of the projfct, Conse- 
^quently, priority was given to those areas of study that had the most 
^significant impact on the practice, education, and 1 icensing of 'engi- 
neers • * . \ 

The information presented ijn this report was fathered, frim literature. 
review.' correspondence^, survey questionnaires, individual and group 
discussions, ancj a public forum. Observations, findings, ^nd conclu- 
sions* aire pi^esented throughout the report as they relate to -the spe- * 
cific a)<ea of investigation* Some detail mSiterial is pf^esented in the 
Appendices. A verjDatim copy of the transcription of the forum pro- 
ceedings on engineering registration has^ been retained in the project 
file for reference purposes* 
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III. GENERAL' OBSERVATIONS AND IMPLICATIONS OF THE STUDY - 

Engineering education is probably one of the most frequently studied 
. discip ines in higher education. One major reason for this is that 
technology affects nearly every, aspect of modern life and has a • 

Jho nM^^>'"''^f 1 T".™^* °^ essential elements-contributing to 
the quality qf life in the United States and other developed nations. 

Tfre periodic evaluation of engineering education coincides with occur- 

rofr?n\"n?°-'^'?."'^^'''^ °" ''^''"^'^ problems and the e g neer "s 

- role in sol ving^ those problems. In the post-Korean War. era, ertgineerina 

the natibn reassessed its pHor' ^ 

•race'*bpn^J ?J 'ST"i^^ ^'"""'^ °^ SP"*"^''^' the "space 

fo^ ha.ff J^!h^^''^Ii'^3°^!."'"^*^''9"°^^i"ntly increased funding 
for basic research, and educational institutions responded by strenath- 
ening basic principles in engineering curricula. This pattern con" • 
tinues today, with society facing an energy crisis and looking to 
technology for the solution. luuMny to 

Because.of the diverse role of technology in society, questions are 
periodically raised- as to how well engiJbertng education is pJepaHnq /■ 

society makes of them. Also, the intense integration of technolody 
Ini?„r^''^ Jiving has prompted policymakers to question whether . 

safllv n nlr '"''T'^ '^"'^'^"^ ^'^^ ^^^^'^ f^^^l^' welfare and \: 
sarety as paramount issues: ^ 

bv'ind?viS!.fr'r studies indicalsifs that most of them have been conducted 
by ind VI duals or groups involved in engineering education, rather than 
L"n? n I? elements.outside of the educational commu-nity. One possible 
■ cn'*-°? ^^'^ that both the practicing' engineering community 
an"i-'r]'^'L"*^'?^* 9'°"P' f^^v^ paid sufficient attention to ^ 
1nsJi?ut1Sn nselll^"' ^"'"'"^ '""^'''^^ *° educational . 

S''Jo!n''^''S"^"'''*'2"' for'^aJO'^ changes in" engineering education 
til ^''^S''" J"^''* '^"^ because- these Recommendations . 

di^ec{?5Mn?2'h^""H for/Me-nentatiqn, Yew of. them have been 
directly adopted by educational institutions. 

The most prevalent recommendation is that of increasing the requirements 
for the ; rst profes'sional degree in engineering. However! in -terns Sf 
-Sm i*^" r'equirements have decreased! AlS h 

mis difficult to compare degree program commitment because of a siq- 
nincant amount of content compression, many critics agree that the 
currculum content has been decreased to maintain the Competitive ' 
position of engineering programs with other degree 'programs offered 
iTinZn emphasis on mathematics and basirscience has 

maintained or increased the student work load for class preparation. 
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(A 'second commonly mentioned recomm^ndatiock-^or the four-year engineer- 
ing degree* program is the need for increased attention -to design. 
However, the curricula bave decreased in design content/and a larae 
portion of the technology associa-ted with th,e practice of engineering 
has been eliminated. This has created the/^eed for a new degree pro- 
gram in engineering called the Bach^r of Science in EngineeKing 
Technology. 

The creation of this new degree program was done by'^|:he educatiofil^ 
institutions without comprehensive consultation with the practicing , 
engineering community* industry, or tl;ie State Board of Registration 
for Professional Engineers. The graduate from the engineering tech- 
nology programt; in some instances, has encountered a hostile environ- 
ment in the engineering community^ He is denied some pf the opportu- 
nities afforded the graduate of the B'.S^ program in engineering • *It 
is difficult, or impossible in some states, for a graduate of an 
engineering technology program to become registered as a professional 
engineer without obtaining additional education (in basic science, 
math and principles of engineering science) resulting in a B«S\ degree 
in engineering, * 

This study identified and defined the basic types of knowledge ("fie.lds 
of understanding") encounteifed to a greater or lessee degree in the 
practice of engineering and related^ them to engineering education and 
^registration. The review of curricula and registration examinations 
revealed that many of the "fields of understanding" were^not tnc^-wlai 
in engineering education programs, and the registration process * 
did not Include examinatiqp/, for competence in a majority of the "fields 
In general, the interdiscipjlinary and nontechnical "fields" a,re most ' . 
often omitted in education and registration, yet in the practice of 
engineering,- these aspects can determine the viability of an .engineer- 
ing project • . , . . * 

Some of the individuals interviewed from educational institutions and 
industrial practice expressed the feeling that it was'not necessary 
for engineers to have- an understanding of the nontechnical aspects 
of engineering practice, since competent nontechnical memtigrs of pro- 
ject teams were available to deal with these considerations. However, 
in/cases where the public health, welfare, safety, and good 'are of 
,ma^me importance, how much understanding should engineers have of the 
^nontechnical elements of a project and how much technical understanding 
should nontechnical members of the team j^e? This question is ai)nopos 
since excessive pressure'>has been broughrupon engineering education 
to incorporate many nontechnical courses into undergraduate require- 
ments, but little or no corresponding pressure has been brought to 
modify the. curricula of nontechnical decree programs^* 

It was concluded from this- evaluation of engineering registratibn that 
the .licensing process do6s not involve examination in all of the para- 
metehs of engineering practice • The emphasis in both past and present 
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S^olc^f °" scientific and technical engineering principles 
One possible reason for this is that registration applies to on y a 
small segment of engineering practice, perhaps as sma as ten percent 
by funding, and therefore there is no real stimulus for ?fiange. 

^ philosophy of professional registration is develooina 
which questions whether registration is restrictive limit in fioDo? 
JiVrVf -"^"r^'^^'es, and whether it Is-in ?act a gJnd practice 
• ". mL"r'°"' *° control the market. Some states haie enacl^d 
sunset laws" requiring that boards of registration for most orofes- 
sions and occupations be abol ished within a specified period Sf time 

Presently, California has over 50,000 licensed engineers and it i. ' " 
estimated that this, number will reach nearly 7o!SoJ be?o;e She end of 

avL on^J'^fr'' ''^^'^^'^^^ are in 'technical dcipHnes 

naving on y^ title registration. Why are engineers interestPd in 

.S-cJ^^^""^^^- '""^^ °^ ^^'eir emp?oye?s dl iSt require it and 
registration may only protect the title? Some critics belieVe iha? 

to dS so."" ' T" '"^'•^ "^-nilrement 



rh.^^n y tf^e <'o"^'";was that previous philosophies on the need for 
Sar;?cinLfTr'''.^°V"^i"9lneering'education we?e abanSoSd by the 
participants when faced with the threat of legislative mandatp fnJ^ 

? X''est':S;TsSl'n?'n? ^"^^'"^^^^"9 co'I^Jnllrevrn' blel d ' 

I'n o1t^I^?S^lX^°Ji^on" fr^ h%°1oarjJtgiJ?ra1?5r ttt^f 
llg ?'jrsJ^ie?rJ"'^'°'\f ^^"^^^^"9 eSuca^fJf InS'^e^gi tio°^ n 

vo n\^r ac rS t ?ion'nf"r. '''^'Ii''^ '5 ^°"9h the present system of ~ 
voiun^r accreditation of curricula and academic-oriented examination 



for registration was more acceptable to those attending the forum * . 
than further State intervention i,n either. 

<^ 

Information from this study indicated that changes in engineering , 
education wil] evolve^ over a long period of time, and will probably 
occur as a result of increased representation of the practicii^g 
profession on the committees of the Engineers' Council for Profes- . 
sional Development, ^hanges in the State registration of engineers 
will -probably not tal% place for many years, since the current prac- " . 
tice of exempting thu. major portion of engineering practice from the 
Act wiM continue ugder pressure from the currently exempt, groups . " 
Also, since the registration process affects a small percentage of 
engineers, there wilT be little stimulus to bring enpineering education 
and registration closer together, other than the current Bo/ird practice - 
of accepting gra%u%tion from ECPO-accredited programs as equivalent' 
to four of the six years of experience required for pegi strati on, 

A clear definition of engineering practice would be one effect fve 
improvement in the current process of engineering education and 
registration. In this study, the parameters involved in engineering 
practice in a project environment' were identified. and defined in terms 
"Of "fields of understanding," This "fields" approach could be developed 
and employed in many situations and could become a basis for program 
review and evaluation by the eommissfon on Postsecondary .Education, ^ 
The Board of Registration could usfe this technique as a, basis for 
the evaluation of experience profiles and criteria for development 
of registration exams. Student? could also employ this approach when 
planning their programs in order to take maximum advantage of the 
flexibility in the curriculum to achi^eve an awareness of the complexity 
of engineering, practice. 
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IV. RECOMMENDATIONS ■ 



The hallmark of any profession is its relationship to the public 
health, welfare, safety and good. Thus, the education of profession- 
als, the establishment of State minimum standards of competence, and 
the general practice of the profession must -be interrelated if the 
public interest is to be served. 

This study revealed that .there has been great attention given to 
the development and implementation of engineering education programs ' 
to ensure h^gh academic achievement. In addition, the engineering 
licensing act has been modified numerous times since its original 
enactmen.t^oyer 50 years ago, and the Legislature has given a wide 
latitude for policy-making- to the Board of Registration for Profes- 

^rp"^Ii"^'"^^'''L. "r^^^y? there .is every indication that engineer? ' 
are very concerned with maintaining their technical competence as 
they practice their profession. ' " 

• / , 

The. principal issue that has not beeiHiddressed, philosophical ly' or 
•structurally,. IS the interrelationsliip between engineering education • 
licensing requirements, and the practice of the profession in such ' " 
a manner to guarantee that the public interest is served. As a. result 
the dedicated efforts in ^ach of these three areas have not necessar- 

tiT • • ot engineers as professionals nor always addressed 
tHe evolving needs of society. 

•Ther? are many recommendations provided through 'this report as thev 
n^^antoS f ^^i^^^ ^!:^3s of the study. The sunpary recommendations 
presented herein reflect the most salient elements of the project's 
research. H'ujei,L s 

Recommendation 1 ^ . * 

Engineering .educational programs must be evaluated against 
specific criteria of engineering practice, i,e,, "fields of 
^understanding," ^ ' - , 

Recommendation 2 

The registration of engineers, through which mi/iimum standarlis 
of competence are established,' must reflect relevant education 
and the practice of engineering in light of the "fields of 
understanding." / cuo^ui . 

Recommendation 3 ' . . 



A vehicle must be developed which will bring together educators' 
public- policymakers,, employers, professional societies, students 
and others for the continual evaluation and coordination of the 
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interrelationship between education, licensing and engineering 
practice- ^ \ 


• 




Recommendatibn 4 

—7 1 
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Degree programs in the social sciences and humanities should., 
be modified to incorporate overview courses in science and 
. . engineering to -increase understanding of the technical con- 
siderations in meeting societal ijeeds. 

Recommendation 5 






Full-time engineering practice should be a major consideration 
in the selection of engineering faculty members. 
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V. COMPREHENSIVE s\«^ARY 

In the Fall of 1975, the California Postsecondary Education Commission 
was awarded a grant by the Nat-ional Science Foundation to conduct a ' 
study of the relationship between engineering education and registra- 
tion relevant to the needs and wants society. Thfs study addresses- " 
the concern of whether future engineers will have the skills and com- 
petencies to employ technology to meet the demands of society while 
maintaimng, as paramount, the protection of the public health, welfarp 
safety, and good. . - 

The initial task was the development of a detailed program-plan in 
each of the three areas of the study: societal needs and wants re- 
quiring technical involvement; California engineering education programs- 
and the registration of engineers in California. The factors affecting 
each area of t^e study were identified and analyzed to develop a 
series of detailed t^sks to facilitate the compilation of relevant 
data. Because the scope of tijis project was limited, only those 
factors having the greatest impact in each of the three areas were 
emphasized in research efforts. 



Societal Needs and Wants 



Apph'ed erigiheering technology has not only changed the •. 
face of the earth, it has affected its mores arid in- 
stitutions. It has yielded a power which is an intimate 
part of every aspect of living. Its responsiveness to . 
society s need and demand 'for many products and activi- 
ties to enhance livittg beyond the ba^it subsistence level' 
must be considered In examining. the Jractic^ of engineer- 
ing as a' profession under contemporary condi,tions. 

1 . Fields of Understanding 

Societal needs and wants— classifiad 1nto"l4 areas— 
- and. projects exemplifying three of these (energy, 
environmental .quality, and transportation) were 
selected for detailed' examination to determine. the 
types of knowledge they involved. The three pro- ' 
jects were the development of the nuclear power 
plant at Diablo Canyon in Californ.ia; the Oil spill 
off ^the Santa Barbara coast in California: and the 
Bay Area Rapid Transit System. Fourteen -discrete 
areas of knowledge, were identified as being integrally 
involved in the projects. For presentation purposes, 
they are referred to as ''Fields of Understanding" 
in this report. Th^ "fields" do not necessarily 
relate to specific subjects or courses. Rather, they 
grolip like-courses inta the following categories or 
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j "fields" which wer.^subsequently .used to analyze 
I .various aspects o^- engineerinq education and the 
Engineers' Registration Act in California: physical 
science (including mathematics); design/applicatton; • 
ethics; management science;. law; behavioral science; 
humarlities; engineering science; engineering tech- 
nology; conmunicatio/i arts; economics; political 
science; life science; history. . , ' 

2. Degrees of ■ Unders tandi ng 

rt^mu^t be recognized that no one person cofrld be expec- 
ted to be competent in each af the fields. Ideally,' 
expertise in each area is provided by the various members 
of a project team. Deans of accredited California engi- 
neering education programs and California* employers of 
.engineers were asked to rate eacti "field of understanding", 
according to the degree of understanding they felt a 
n6wly graduated engineer should possess, A learning 
scale with five degrees of understanding* was developed: 
0-none; 1-awareness; 2-sens1t1v1ty; 3-proflc1ency; and 
4-expert1?e, ^ . . ^ 

Responses to this rating scale, showed ^ general agreement 
that the graduate should be proficient in the technical 
fields and sensitive or approaching sensitivity in riiany' 
nontechnical fields; and never less than, strongly aware fnX 
all nontechnical fields, ^ 

B, Engineering Education 

. 1 , ' Prior Studies ' # ^ 

Eight major prior studies of engineering education and 
their recommendations were reviewed. The preliminary review 
identified those major elements in engineering education 
which, for tjie past twenty years, have beerf o,f concern. to * 
the engineering community. A number of these- elements— . ^ 
' accreditation, hiring* promotion, and tenure-selection 
. criteria, curricula, and continuing educat1on--were 
selected for farther examination, 

■ ■ ' ■ . • - ■' 

A more 1n-depth study of the recommendations categorized 
them according to "fields of understanding." This cate- * 
gbrization revealed a marked similarity .among recommenda-* 
tions made over the past twenty years. Related literature 
documented that since mo^t recommendations lacked mecha- 
nisms for implementationv change had been gradual— evolu- 
tionary rather i(j.han revolutionary,^ 
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2.' Accreditation 



. The history, '.organ izatit5n and functioning of the Engi- 
c^n^4 Council -for Professional Development were examined. 
ECPD is a private! organization which is responsible for 
the accreditation of engineering and engirf&ering tech- 
nology programs in the United States. As such, /it can 
Pe the most irrstrinnental mechanism for effecting changes 
. In engineering education. ECPO is supported by funds 
from its member organizations, which include the National 
Council of Engineering Examiners (NCEE), the American 

. Society for Engineering Education (ASEE) and numerous 
engineering technical societies. The accreditation stan- 
dards used by £CPD are broad and are often supplemented 
by criteria for eaq^ discipline formulated by the tech- 
nical society representing the particular discipline. 

Two major criticisnfs are commonly made of ECPD bvl the 
^II2]!!5®r^"^ commuri^ty: (1) failure to establ ish' minimum ' 
credit-hour requirements, and (2) 'dominance of ECPD by 
educators. In response to .the first criticism. ECPD has 
not attempted to ustatWsh a strict credit-hour require- 
ment because thens is no uniformity among the basie 

"5^^^ throughout' the* country. In view 
of this. ECPD tak«s the total number of units required by 

^0"^ a baccalaureate degree and 
divides this amount by four to obtain what "one full year" 
constitutes in thjSit particular program. Further subdi- 
visions provide the necessary standards. 

Hm^Jj*^! ^^""'^ qpncern,.ECPD has? attempted, with only 
lijDtted success, t3o increase the involvement of practlcina 
engineers- In the aTcredftatlon process. However iris" 

^f%'h" a'JL"''.^^' V *° selLtTdl d is 

SJon nr^^/^?^9r°""'^^- Because the menfier societies 
S X^^.ilHf1,.TP"^"^ principally .of.eduJatorl- 
• edSoS ^^^^'^^^^^^o" Pi^ocess remains dominated by 

^' ^^irlng, Promotional^ and T enure Selection Criteria 

arf™}!: Kf'^i!?"f the composition ^fff faculty 

?nmn!S ^" conjunctlon with committees 

comprised of tjnured faculty.- Therefore, facult? ^mfa"! 
as both evaluators and those-being evaluated plav an 
S^ti ^" P^'cess. -They liaJe developed some 
insight into how hiring, promotional, and tenure s el ec- 
- . ti en practices affect engineerin-g education cSnllqSentlv 
tS«l*j;w ^"'''^f'^u*^ determine their op nloSs oT ^' 
these practices and their effect on engineering edScatlon • 
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Questionnaires were distributed to the engineering 
faculty through the deans of each accredited engineering- 
education program in Califarnia. An average of 35 per- 
cent of the engineeriijg faculty from each campus respon- 
ded. ^ ' 

Three major* background elements pf faculty members were , • 
examined: (1) whether faculty were tenured, J2) where ^ 
faculty received their education and what degfee was / 
earned, and (3) what experience faculty had in engineer- 
ing practice. The data indicated that 74 percent of 
the respondents were tenured and that over 97.peri:ent 
of the respondents had doctorate degree^. Further, these 
academic crfedentials were representative of a large number 
of different schools. However, a high percentage of the 
degrees* were obtained from relatively few schools. Of 
the 64 schools identified, the^op five accounting for 
46 percent of the total doctorates awarded were Stanford, 
UC Berkeley, UCLA, CALTECH, and MIT. Stanford alone 
awarded 16 percent of these degrees. In response to the 
question on experience, most faculty responded that they 
had some experience in engineering practice* No 'attempt 
was made to differentiate industrial ^)(perience from 
faculty consulting^activities. . 

Faculty were asked to rank nine possible hiring criteria 
in order of current importance at their school . The 
engineering faculty, from the University of CalifomiaX 
and frolii the private schools, ranked the hiring criteria 
almost identically. The'doctorate degree was considered 
the most important criterion, followed by research, 
teaching experience and publications, in that order. In- 
dustrial experience was considered sixth in importance. 
In contrast, faculty from, the California State University 
and Xol leges ranked industrial experience as the most 
important hiring criterion, followediby the doctorate 
degree, teaching experience, publications and research, in 
that order. 

When asked whether the promotional system accurately 
rewarded merit in teaching, research, and public service, 
49 percent of the tenured faculty and 63 percent of non- 
tenured faculty felt that teaching was rewarded. With 
respect to research, 76 percent of the tenured\ faculty" 
and 55 percent of nontenured faculty felt that thi§ was , 
given proper recognition. Over half of both grpups felt 
that public .service was not accurately rewarded. 



As. to whether the review process encouraged faculty 
meinbers to conduct research, 'which might be directly 
applied to solving societal problems, the overall 
faculty response was 70»percent "no." Tenured and 
- norvtenured faculty were in agreement on this. 

Undergraduate Engineering Curricula - 

The required undergraduate curricula of foiir chemical, 
five civil, six electrical and six njechanical engineering 
programs from seven California schools" were examined and 
, categorized Recording to the "fields of understanding " 
It was found that required physical science and engineering 
science courses ranged from 43 percent to 79 percent ' 
(with an average of 57 percent) of the total minimum 
requirements for a bachelor bf science degrefe. From 2 ■ 
to, 18 Rercent of the total minimum requirements were 
devoted to design/application. Seventy percent of the 
programs examined devoted less than 19 per5int of the • 
curricula requirements to thfs area. 32 percent of all - 
the programs reviewed required a course in ethics, and ' 
68 percent required a course in communication arts. The 
remaining "fields of understanding" were rarely covered 
by required courses.- 

If! ^.uV.ft revealed- a marked degree of program 
flexibility in the accredited engineering programs. From 
school.-to school , technical eiectives in accredited pro- 
grams ranged from nearly. 6 percent of the total required 
rJirlrJ* !!"^)f?i:sity of Santa Clara to 20 percent at ■ 
rliu' c^°".*®?''"iu?^ eiectives ranged from 1.5 percent 
at CPSU, San Luis Obispo to>e«a,y 30 percent at the 
University of Santa Clara. Unrestricted eiectives ranged 
from approximately 1 percent at CSU, San Jose to 9, percent 
at UC, Berkeley. Civit-englneering offered the highest 
degree of flexibility of the programs studied (technicaT 
eiectives, 15 percent; nontechnical eiectives, nearly 17 
percent; and unrestricted eiectives, nearly 7 percent). 

Depersonalized student transcripts from three schools ■ . 
with accredited programs, and one school without an ac-^/" 
credited program, were reviewed to determine whether 
students were taking advantage of program'flexibil ity to 
select classes providing exposure to all "fields of 
understanding." Only one of the,-89 transcripts examined " 
Included a class in each "field -af understanding." Of 
the transcripts, 5.7 -percent included' classes in 12 

?1^5%! ?r^f"J ^^^^^^ *° ^"'^l^^e classes .in at 

le^st four of the 13 fields, and 17 percent failed to 
include classes in at least,7-of the fields. A high" per- 
centage of students did not take a course in law, ethics-, 
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-•political science, engineering technology, life science,' 
and management. * , 

Continuing Ediication ' ^ , ' ^ ' ^ 

The content of undergraduate programs is' concentrated On 
fundamentals.- Specialized, engineering subject material 
must be obtained from graduate educartion or continuing 
education programs offered through (a) university exten- * 
sion programs, in* con junctioff'with recognized, schools of 
-engineering; ib) government and industry providing in- 
plant training programs for employees; (c) newljy formed 
continuing education units of professional ^ncif technical 
societies* offered as membership services; and (d) entre-' 
preneurial organizations. It is estimated that approximate 
lyhalf. of today's engineering graduates will not take ' 
continuing, or gi:^aduate education in their working careers. 
They will, iastead, be dependent ^ypon their ijndergraduate , 

education to provide long-range job performance and pro- 

fessional development. Hence, undergraduate'^education 
may have "to b^ designed to, meet total career needs. 

Interviews - , . <. , • 

Employers, repent- graduate engineers, students, and 
faculty were interviewed to obtain their impression? of 
engineering education arid its Televafhce to their needs 
and the needis of the public. In general, industry repre- 
sentatives; felt that the -engineering graduate. should 
come preparedTto practice under the^ constraints of th'e 
competitive mfirketpl ace and sffeuld be concerned with a 
company's position in the markets There was a keen desire 
to see/:ha^ngeS tn the educational process which would 
better pre^pare 'the engineer for real -life conditions. 
There was a feeling that current, methods , including the 
accrediting pf'dcess, were hot serving' the needs^ of 
industry, ' ^ ' o. , - 

Students* greatest concern was for the lack of practical 
application of their engfneepng educations. ; Tffey felt 
that -courses were too subject-oriented^ and might .-better . 
be taught by faculty who related* theoretical practice to • 
actual practfre. They also felt that the practice of 
engineering must be sensitive to the safety and environ- ^ 
mental needs of\the public, and questioned whether the 
skills necessary to practice with that' sensitivity were 
being^ provided, . , » ' 
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Information from faculty interviews did not represent 
a consensus of opinion on any particular issue. Some 
faculty believed that exposure to engineering practice 
in the educational program' was very important; others 
questioned whether* such exposure was the responsibility* 
of the educational institution. There was general agr^e- 
■ ment on a need for greater coordination within the total 
engineering community. 

Engineering Registration 

1^ History . ^ ^ ^ 

The collapse of the St. >Francis Dam in Southern California 
prompted yie mandatory registration of civil engineers 
' in California,, However, such registration has not been 
expanded> most engineering practice remains exempt from • 
licensing requirements. Confusion exists over whether or 
not registration is necessary or can protect the public, 
and if so, how it can serve that purpose best. ^ 

2. Critical Analysis of the Act . . ■ 

The effect of the P rofessional Engine ers Act is severely 
limited because the majority or engineers practicing 
. in California are not registered .and the majority«f the 
registered engineers practice in areas exempt f roirr the 
registration Act. In addition, its impact .is hampered 
by provisions which dilute .rather than ^strengthen' the 
State's efforts to promote the public welfare. In the 
Act, little attention is paid to the role of formal 
education in providing the individual with not oVily 
engiheering expertise, but also with the sensitivity to - 
ensure the public's well-being. Most importantly, the 
basic premise of the Act is poorly defined,, with little - 
or no explanation as to how the, various provisions will 
promote the public health, welfare, and safety. Basically, 



the effectiveness and therefore -the necessity of the Act 
must be questioned. Considering the broad spectrum of 
engineering practice,^ the Act in its present form does 
not play a significant part in the protection of the • 
public 



Examination Process 



Quali/ifed engineers may apply to be examined for registra- 
tion ai professional engineers. The examination process 
entails two eight-hour tests: the first, the Engineer in 
Trainirig (EIT) exam; the second, the Registered Engineer 
exam. The former is designed to cover engineering principle 
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' the latter is more broad, covering areas of engineering 
practice that would normally be acquired by the applicant 
through both engineering experience and edutatjon. * . 

Both State-prepared and j^iational exams concentrate on of 
emphasize the -following "fields of understanding":" 
engineering science, physical science, design/application/ 
and economics- It is poss4ble for an, applicant to pass 
'either type of test ^y solving problems only in the 
science-oriented fields. Most criticis agree that exam 
problems in the engineering science category pn State- 
prepared registration exams are quite similar in. content 
and difficulty to those found in the EIT exam- For the 
most part, the State-prepared exams reviewed in this study 
tested for only college-level knowledge and experience. 



4, Grandfather njg and Other Registration Alternatives 

The granting^ of professional engineering licenses by 
the Board of Registration for Professional Engineers 
through .grandfathering procedures requires that applicants 
demonstrate nine- years of "qualifying experience," four 
years of which may be met by a degree from an accredited 
engineering program. There is no requirement for the 
applicant to successfully pass a qualifying examination, 
such as the EIT, as proof of minimum competence. With 
the exception of the long-established "practice act" 
disciplines of civiU mechanical , 'and electrical engineer- 
ing, there has been little increase in the nymber of 
specialty licenses issued by examination since a large 
initial number were issued^ithout exarai^iation during the 
grandfathering period. Annual growth rata in some dis- 
ciplines have been less than one percent. The number of 
licenses Wanted are a result of individual examination 
and recipnicity, and are insignificant when compared with 
those granted through regularly scheduled written exams' 
and grandfathering. 

Forum ^on En§4H^ring Education and Registration 

Numerous recommendations for change in engineering education 
and Vegistr;ati6n requirements have been made over the past 
twenty years, but there has been no governmental 'mandate to 
accomplish many of them. The general question addressed 
throughout this phase of the study was how interested^ the 
various groups and entities in the engineering profession 
were in change. More specifically* how Interested would these 
groups be if change were enforced through the'State governmental 
proces^s? 
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Two approaches to examine this subject area were possible. 
First, to eliminate all engineering 1 icensitig-in the State; 
second, to modify existing law to require that all engineers 
in responsible charge in the State be -regisstered -to practice 
engineering. It was felt that the second proposal would 
stimulate. the greatest response from all elements in the engi- 
neering community. Thus, a piece of legislation was drafted 
to incorporate all of the changes sought over. many years' by 
sepents of the engineering community and others. The bill 
^'was not introduced, but rather, was prepared 'in "preprint" 
form so that it could be seen and circulated in the normal 
bill format. The text of the draft legislation is shown in 
Appendix I. 

On July 26, 1975, Senator Albtert S. Rodda, Chairman of the 
Senate Committee on Education of the California State Legisla- 
ture, conducted a forum on the draft legislation (SB 17 
Preprint). The bill proposed a complete reorganization of ' 
Chapter 7 of the Business and Professions Code (which concerns 
Professional Engineers), It also proposed to delete- technical 
disciplinary titles and references; require the registration 
of all practicing engineers "in -responsible charge"; reorganize 
, the standing committees of the Board of Registration; add an ■ 
advisory committee to the Board; add»acode of ethics to the ' 
Chapter; and define the technical and nontechnical considera- 
tions of engineering education and practice. 

The forum provided >an*opportunity to determine the feelings and 
positions of the concerned groups in two phases. The first, 
through written solicitation of analysis of the draft legisla- 
tion; the second, through presentations made at the forum. 
The fbH owing groups were asked to participate: 

Engineering technical societies; National Council of . 
Engineering Examiners; American Society for Engineering 
Education; Engineers' Council for Professional Develop- 
ment; Bo^d of Registration for Professional Engineers;* 
Californit Department of Consumer Affairs; conservation 
groups; ii|lustry; futurists; recent engineering graduates; 
legislative staff; engineering unions; engineering educa- 
tors 

1 . Initial R evi ew 

The participating groups were asked how they felt about a 
possible requirement that engineers have an understanding 
of all the various consideration!? in. engineering practice 
as presented in the "fields of understanding." The 
consensus was that«engineers in "responsible charge" should 
have at least an awareness of alLelements in the "fields." 

23 



The 5**oups were also ^asked their opinion on the ade-^ 
tjuacy of engineering education in light of the "fields." 
Jhe response was anomalous in 14ght of 'data gathered 
through other tasks of this study, .Jn essence, it was 
felt that current engineering educational -progf»ams ade- * 
quately prepared engineers for practice, and that if 
additional education were neeMed, then it should be * 
obtained through on-the-job training or from courses 
specifically pertaining to job requirements. 

Another issue presented to the groups was whether the 
Board of Registration should review curricula. In the' 
draff legislation;, this proposal raised concerns in both 
educators and industry representatives alike. S&me . , 
respondents said that <in independent action by California 
in' curricula review couM jeopardize ef.forts to standard- ^ 
ize engineering accreditation and registration examinations 

«. 

Inquiries werejilso made concerning universal mandatory 
registration. Of particular interest wer'e responses from 
currently exempt corporations. While the purpose of 
.registration to safeguard life, healfh, property, public 
welfare and' good was not in question, respondents- did 
debate the thesis that registration was necessary to 
accomplish public protection. Some felt that registra-' 
tion was necessary onj^y in cases where the engineer^' 
offered services directly to the public and that no other 
means was ^necessary ^to assure the recipient thaj^ an 
engineer was compet4nt\ Sqaie educators, and ^rrew rep- 
resentatives of. technical engineering societies, supported 
universal ipanidatory registration, but most industry ' ^ 
respondents were opposed to the concept 

Forum Proceedings' 

The sliructure pf the fortim was similar to a legislative 
hearing/ It was held in a hearing room, in the Stat^ 
Legislature and was recorded verbatim. (A transcript has 
beengretained in the project file.) Senator Rodda, 
ass^isted by-members of the Senate and Assembly staff who 
deal with legislation in education qfhd registration, 
chaired the forum. One practicing engineer, having past • 
experience as a member of t(ie Board of Registration for 
Professional Engineers, also assisted. ^ 

Panel representatives from engineering societies, indus- 
trial' management, education administrators, engineering 
educators, practicing engineers', and engineering unions ' 
were assembled to present vtews on five major aspects 
of the proposed legislation: (1) justification for 
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registration of engineers; (2) education requirements 
for registration; (3) qualifications for registration 
(4) miscellaneous requirements and administrative 
provisions of the bill; and (5) industrial and public 
utilities exemptions. 

The following issues were discussed during the forum: 

• The parameters involved in, the practice of 
engineering; 

- The breadth of engineering practice; 

The relationship of engineering practice to the 
adequacy of engineering education (given existing . 
needs); , ^ 

- The nature an(J effectiveness of accreditation of ' 
engineering education^programs; 

- The need .for, and extent of, engineering registra- 
tion in California; =" ' . 

- The adequacy of the current engineering registra- ' 
tion act; . . " r 

- The ju?"tification for federal government, public . 
utility and industrial .exemptions; 

The adequacy of education-related registration 
requirements; 
• r _ ' 

The adequacy of disciplinary licensing^-and' grand- 
fathering; ' . 

The question of whether an engineer employee, ■ 
attempting to be ethical," should be protected 
by the. State from reprisals by the employer; - 

•The incision of a code of ethics in the registra- • 
tion act;' ■ 

The question of whether, the Board of Registration 
should even make an attempt to enforce a code of ^ 
ethics ;^and 

The question of whether the prospective benefits 
Of the proposed changes would outweigh the potential 
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The forum was highly successful in bringing strong 
feeling's to'th6 surf?K:e. Formal positions taken by _ 
many of those making presentations werd diametrically 
opposed to positions taken in prior studies of engi- 
neering education and registration. With one exception, 
nearly, all of the provisions of the draft legislation 
were opposed "by at least'^one of those making a pre- 
sentation* The consensus was that if such legislcttion 
which carried the threat of governmental intervention 
were ever introduced, it would J)e opposed by all of the 
groups represented. • ^ . 

Based only on testimony presented dX the. forum, the 
following interesting conclusions could be drawn: 

- Engineering educational programs in California 
are providing all necessary industrial require- 
ments and -are sufficiently diversified to * 
satisfy the breadth ^bf marketplace needs. 

- Current examrriation requirements, including ^ 
grandfatheg^^igTV^^^^'^^t^ly ensure competent 
eogineeririg practice. 

- There. is/no need for^ mandatory licensure of 
engineers, s4nce industry is liable for any 
injury resulting from incompetency* 

- Disciplinary licensing is better than nonspecial- 
ized registration. 

- There ts no need for .the incorporatipn of d code 
of ethical practice as part of the registration . 
act. 

-fA small segment of 'land surveying is the onl.y 
/'type of engineering practice that is offered 
directly to a citizen. Therefore, this area is 
probably the only one that should be licensed 
in California. A public agency or private 
industry has the ability to determine competency 
without State intervention. . ' 

- The current educational system and registration 
practices adequately serve the public in the 
State'of. Calil^ornia. Where problems exist, they 

■—^should be resolved through, court action. 

Most of these* "findings" are incongruent with data ciirectly 
obtained from the relatec^ sources. 
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Throughout this program, major att^ntion was given to 
defining apd establishing a mechanism to permit the. evalua- 
tion of engineering education and registration as an on- 
going process. One finding of this study was that an 
Engineering Advisory Committee could be establ ished and 
implemented within the California Postsecondary Education 
Commission under existing statutes (State Edudation Code ) 
and within the program objectives of the Commission TTTve- 
Year Master Plan.' (See Appendix J.) 

The ^Engineering Advisory Committee would be composed of 
representatives of engineering education institutions, the 
Board of Registration for Professional Engineers, the 
practicing engineering. profession, public policymakers,, 
engineering students, and others. It would have, as. one' 
of Its primary functions, the making of recommendations 
to the . Commissi on on- criteria for the evaluation of engi- 
neering education and licensing programs and thereby 
facilitate close coordination in their development in light 
OT the changing needs of society. 




DETAILED- DISCUSSION 



A. Societal Needs/Wants 



Before lSSO, technology in the United States was the realm 
• of the imldtary engineer, who, motivated by nationalistic ' 
ideals- and visions of great expansion, planned and super- 
vised the early development of canals and railroads. The 
. very nature of mil itary engineer'ing required that only one 
matter be taken into consideration— a successful technical 
solution to the problem at hand. ^, 

After 1850^ a new type of engineer came into dominance, a 
civilian with a cosmopolitan outlook, interested in pro- 
. vidlng specialized services to the new institutions becoming 
established in this country. He provided a variety" of, 
services t© municipal , -state, and private corporatioiri and 
became known' as the "civil engineer" in contrast to'the 
military engineer." . ^ , _ • 

Civilian engineering required that the engineer be aware of 
matters other than just technical solutions to a problem. 
The economics of a project, and the health and safety of ' 
the public in connection with the pr'oject, became additional 
.concerns which often affected*the technical solution. 

With the rapid growth of .technology since 1875. has come a 
growth in ^he .number of concerns involved in the .development 
of that technology, concerns which must be dealt with as part 
of each engineering project,-. For instance, energy production 
must be conducted in a manner which protects environmental 
•quality, carefully manages natural resources, is safe, 
economical and acceptable to the public and the courts. 

» 1 . Fields of Unders tanding 

~7~' ^ * 

; As i)art df this study, some of the major societal 
needs/wants requiring technical input or solutions were " 
identified and classified into 14 different areas: 
energy;. natural ^resources management^ recreation and" 
• . entertainment; busjiness; education; health care; advanced 
technology and space; transportation; environmental 
quality; communications; manufacturing; construction; 
agriculture; security and national defense. 

Engineering projects in , three areas were selected for. ' 
<8. review -Ijo determine the considerati6ns and types of 
.knowledge involved^ In the area of .transportation, the 
Bay Area Rapid Transit system Was examine'd. Offshore 



V 




44 



oil drilliTig was chosen to demonstrate the concerns and 
needs of energy and, environmental quality protection, and 
the development o.f a nuclear power planf^was reviewed to 
illustrate the considerations involved in the developirtfent 
of alternatives energy sources. A discussion of these 
three projects can be found in Appendix A. 

From the review of the above listed projects, 14 types of 
knowledge, referred to in this study as "fields of under- 
standing," were identified: 

Physical Science (including mathematics): The precise 
dejcrttJtion of existing phenomena often using mathe- 
';matical models^ ^ ^ j * 

Engineering r Science : the application of a knowledge 
of mathematical and natural sciences gained by study, 
experience, and practice to develop ways. of utilizing • 
materials and forces. 

Design/Application ; The process of applying various 
techhiques and scientific principles for the purpose 
of defining a device, a process, or a sYSt^f^MK 
sufficient detaiT to permit i ts,physi cereal iza^i on. ' 

Engineering Technology : The use of products, systems,- 
'processes, devices, mechanisms, and technical know- ' 
how associated^ with the practice. of engineering. 

Ethics : Standards of conduct. 

Communication Arts :' The study of effective language' • 
use.- 

Management Science : The study of methods, of applying 
manpower, material, and other resources to produce 
goods and services. 

^,Law: Any established practice which is potentially 
^ eniTbrceabl e by judicial action. ' . ^ 

Political Science: *The study" of the interaction of 
individuals and/or structured groups with other - 
\ structured groups. • < 

Behavioral Science : The study, of the individual 
and social behavior of people. 

, Life Science ; The science of living organisms . 



Human itias- i Sensitivity for and appreciation-of 
aesthettCs and. art. 

History : The study of man 's heritage. ' 
Degrees of Understanding 

The "fields of iJftderst,anding" are representative of many 
of the types of^knowledge that must be considered in 
every engineering project. Typically, expertise*»in each 
of these fields is provided by project team- members whos( 
degree of understanding" will vary according to their 
function in the" project. To account for this varying 
'degree of understanding," a learning scale of five "de- 
grees of understanding" was developed^' - - 

0 - None ; .Having little or no knowledge of a 

subject area: 

1 - Awareness : "Haying sufficient knowledge of a 

subject area to recognize problems in th^it 
area ancPthe type of talent needed to solve 
them/ . ^ ^ 

2 - Sensitivity :. Having sufficient knowledge of 

of a subjectsarea tq recognize and solve 
problems in th^t area and having the ability 
to make some preSliminary judpents concerning 
solutions and approaches' 

3 - Proficiency : Having sufficient knowledge of 

a^^subject area to if'ecognize problems in that • 
area and develop solutions to them,. 

4 - Expertise :- -Having sufficient knowledge of a 

subject area to develop^new approaches to 
solutions. ^ 

Survey .of Engineerinci Deans and Engineering Employers 

Employers Cif engineers and deans of those California 
engineering education ^programs accredited by the Engi- . 
neers' Council for Professional Development (ECPD) 
were surveyed to determine their opinions on the "degree 
of understanding" recent engineering 'graduates should 
generally have in. each "field." Tiie results of these 
wo surveys are presented in the .following two sections. 



Deans of Acciredited Engineering Education Programs 

Of the 20 deans surveyed, a response rate of 50 
percent was received- The deans were asked to "rate" 
the "fields of understanding" (using the numerical 
' values^. assigned to the five "degrees" of the learning 
scale) according to their relative importance in 
engineering education* 

On the average, the afeans rated engineering science 
and, design/application Highest, 3,6 and 3,5, respec- 
tively; 60 percent of the^d^ans felt that an 
engineering graduate should have expertise in engir 
neering* science, while the rerftaining 40 percent 
'believed a i^ecent graduate should have proficiency 
in this area. Fifty percent rated design/application 
at the expertise level and the remaining 50 percent 
believed proficiency in*this area was^ necessary. 

Three other "fields" were rated in the proficiency 
rapge: physical science, 3,0; engineering tech- 
nology, .2.8; and communication arts, 2y6. In the 
remaining "fields,^" the deans* average Vate was for 
a lesser "degree of understanding." Tl/e average 
rating given any one "field" was never less than 1.4, 
i.e., awareness approaching sensjtivity. Further 
details on the responses are^found in Table 1 (follow- 
ing). 

Employers of Engineers * 

A' wide variety of companjes and several State. and 
local government agencies responded to the question-, 
naire, including producers of high technology and 
consumer products, construction companies,, and 
companies engaged in research and development. 
Using the numerical values assigned to the fi^e 
"degrees" of the learning scale, there was some dis- 
agreement among respondents over the. "degree of 
understanding" that reqent engineering graduates 
should have of the engineering science; enjgineering 
technology, and management "ffeMs," Much of this 
disagreement could be a function of the limited 
response received from some of the groups. 

On the average, the respondents y*ated engineering 
technology, 3-0; design/application, 2.8; and engi- 
neering sci^ence, 2,8 as the "fields" requiring the 
greatest "degree of understanding," indicating that 
the graduate engineer should be proficient in each 



TABLE 1 ^ 

RATING OF FIELDS OF UNDERSTANDING 
BY ENGINEERING DEANS 
("Degree"^ Frequency Distribution and Mean of 
Responses for Each "Field'' and Deans'. Survey) 
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■ ■ — * 
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UNDERSTANDING 


0-None 1-Awareness 


2-Sen8itivity 


3-Proficiency 


A-Expertise 


Mean tRespoQ^se 


Pbysical 
Science 






100 




3,0 


Engineering 
Science 


- 


i 


AO 


60* 


3,6 


Design/ 
Application 






50 


SO 


^ * 3.5 


Engineering 
Technology 




AO 


AO 


20 


- 2.8 > 


Ethics 




60 . 


20 


10 


2.3 


CooMiuni cation 
Arts 




. AO 


60 




- 2.6 


Systems ' 1 M 
HanageMent ^' 


• 10 


AO 


50 


- 


2.2 


Qusmess/ / 
Administration 


' 30 


60 


10 




1.8 


Econofliics 


^ 30 


. 70 






X - - , — 

1.7 


I*aw 


60. 


AO 






l.A 


Political 
Science 


• 50 


50 




« 


l.A 


-Behavioral , 
Science 


30 


70 






1:5 


Life 
Science 


60. 








1.7 


Uunani'tiefi/^ . 
History 


30 


70 
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1/ "Systeas Manageaent" «ad "Bnsiness Adainistration" were later combined to fora one "field," "ManagemeW'' 
2/ 'Uuaanities/History" were later separated iftto two fields/ "llunanities" and "History." 
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of these Uhre^ "fields." Those "fields" in which 
employers felt a lesser degree af understanding was 
necessary were communication arts* 2.4; physical 
science. 2.3; ethics, 2.2; and systems management, 
2.2. The consensus was that the engineer should be 
sensitive" in these "fields." Respondents believed 
that in tlie remaining "fields," the engineer should 
never be less than aware of these concerns. 

More detailed information on the responses from em- 
•ployers is presented in Table 2 (^llowfng), and in — 
Appendix G^, Industrial Survey. Table 2 presents the * 
average response of each type of employer to each 
field," as well as the mean of 'all responses. 

Comparisom.. ofJResponses Rating th fe '4ields of Under- 
standing" ■ — ^^9^ 

A comparison of the results from both deans and em- 
ployers showed substantial agreement on the "degrees 
of understanding". in most "fields," but a difference in 
emphasis and attitude between the two groups for a few 
fields."/' 

^he. greatest disagreement centered on the "degree of ■ 
understanding'' necessary in physical science, engineer- 
ing^Science, and design/application. Although both . 
groups rated these "fields".as the most impdrtant, the 
deans rated each "field" '0.8 decrees l^igher than tihe 
corresponding rates given by the employers. The deans 
/ated the 'Jfiel^s" as requiring, proffpiency' to exper- 
tise, whi.le employers rated, them one "degree*" lower, 
^*J^is'^®^"i''^"3 strong sensitivity to proficiency. 

The two gro(|)&"demonstra ted-close agreement in their 
rating of -the ^.rema firing "fields,; i.e., that an engineer 
. snouid possess at least an awareness sof each "field of 
understanding >" As one would expect, the consensus 
was that the graduate engineer should be far more 
knowledgeable 'in thp technical "fields" than in the 
nontechnical "fields." . 

General Obs^vations , ^ 

Hor thfi'fir^t 25,years following World War II, 'this 
country concentrated its efforts on expanding industrial 
technology a'nd developing massive weapons systems and 
sophisticated aerospace hardware. Gradually, into the 
• ufL^ ^''snsition toward employing technology to deal 
with-^e problems and needs/wants of society occurred. 



TABLE 2 

RATING OF FIELDS OF UNDERSTANDING 
BY" ENGINEERING EMPLOYERS 
(Average Response of Each Group for Each "Field" 
and Average Response for All Groups Per "Field") 
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■ 
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Application 
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2.8 


2.0 


3.0 


2.3 


2.8 


Engineering 
Technology 


3.0 


2.6 


3.0 


3.0 


2.0 


* 

3.0 


Ethics 


2.4 


2.0 


2.3 


2.4 


1.7 


2.2 
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2.4 


2.8 
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■M 

t 
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2.4 
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2.4 
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2.2 


Business 
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1.8 


2.2 
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1.4 . 


1.0 
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1.3 
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^ 1 A 
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Science 
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Science 
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! 
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.4 
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1.3 
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/ ' 


. 1.0 


' ! 
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1.2 
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8 


8 


3 


5 
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Public policymaker-s have directed technology toward 
serving society, while placing a great many restraints 
on the manner in which the delivery system can provide 
Its services. The essential part , of the technology 
delivery system* is tire engineering project. The pro- 
ject members must a/sess the problem, define the para- 
meters. and-^rovW an acceptable technical solution. 
■In today's en§4fl^ring environment, recognition of 
the "fields df understanding 'i and appropriate trade- 
offs between the "fields" is critical to a successful 
engineering project. 

The identification and definition of the "fields" and 
"decrees" of understanding was an important first step 
in the study of the relati-onshifj between engineering 
education and registration. It is now recognized that 
the practice of engineering is composed of both tech- 
nical and nontechnical considerations, and thesd con- 
siderations provide the framework within which the 
relationship of engineering practice, registration, and 
education ifey be viewed. 

Engineering Education 

Engineering education in Cal ifornia. is provided through the 
four^egments" of postsecondary^ education: the University of 
Califoj-nia, the California State diversity and Colleges, the 
indepejident colleges and universities, and the California 
Coimi)<Jity Colleges. A previous study. Project E-E (refer to 
1-h/of This section), determined that over 70 institutions in ' 
p3l(jJ[o<'n''a;offer degrees in engineering and/or science.- The 
vro^*^'?^^ ^^^''^°'^"''^^3S liihe campuses, five of which have 
tCBlbaccj^^dited engineering programs. Twelve of the nineteen 
StateJWiversity campuses offer ECPD-accredited engineering 
programs and seven independ^t colleges and universities offer 
ECPD-accredited engineering programs. Also, rramefBus engineering 
related associate arts degree programs, providing Jtrong support 
for further study, are offered at man^of the Coniiiun.tty Colleges. 

Numerous elements involved in thjs postsecondary system have 
a role in detennihing the quality and content of 'engineering 
education progr^. A preliminary review of prior studies of 
engineering education was made to determine whicb-elemerits 
should be selected for further investigation as -part of this 
study. ,The areas chosen fo^ further review were recommendations 
of previous studies of engineering education; accreditation; ' 
hiring, promotion, and tenure selection practices; attitudes of 
engineering educators, students and employers of engineers; 
the content of undergraduate education"; continuing educat-ion; 
and the development of an advisory committee system' (see Sections 
V-E, Comprehensive Summary, and VII) A discussion of each of 
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these areas follows. (Formreader reference, the pages ubSh 
which the quote,^ ^{Jpeared in the original documents are noted.)- 



1 .. Prior Studies 



Many studies in the past 50 years have attempted to 
answer major questions- as to what the content of a basic- 
engineering degree program should be. Since the mid-1950s, 
there has b6en a downward shift in the credit hour require- 
ments in engineering baccalaureate degree programs from 
about 150 to 128 semester credit hours. Much of the tech- 
nology-oriented program content— surveying, heat treating, 
machine shop, foundry-qTas been eliminated. Efforts have 
been made to include more courses in the humanities to 
provide engineering students with grecfter exposure to the 
nontechnical concerns of engineering practice, and the 
fields of basic science, mathematics, and computer science 
have received increased emphasis. 

Eight prior studies were reviewed to determine their effect 
upon engineering education: ^ . 

^gpo'^t on Evaluation of Engineering Education 
(The Gnnter Report) ,l[meri can Society for Engineering 
• Education, 1955; . , \ 

|eneral Education in Engineering: Report - of the Commi ttee 
for the Humanistic-Social Research' Project~ ASEE'. 19551 

An •Engiheering Master Plan. Stu dye for the University of 
California. The Erfgineenng Advisory Counfeil, 1^65; — ^ 

The Prelimi^ ASEE, -1965, and The Final- 
Goals ReportT l^SEFrT968: . . ' ' ,v , 

A |tudy_ of a Profession and Professiona l Education. - 
Allen B. Rosenstein, 1968; ~ " 

Liberal Learning for the Engineer : Report of the 
Humanistic-Social ResearcH P roJect . ASEE, 1568"; — 

Future Directions for Engineering Educab'on : System 
Response to a Changing World , > a report by the Center for 
^Policy Alternatives prepare? for* the School, of Engineering 
of the Massachusetts Institute of Technology, ASE&, 1975; 

Project E:^: Enerar. and Engineering £ducation. .Prnfp^- 
sionarEngTneenng anBTesearch Cbnsu 1 tarfts , 1975. 



The findings of each^^study were examined /and" the Tecoimien- 
dationsmade were categorized according to the "fields of - 
understanding" and other categories. This information is/ 
found in Table 3 immediately following this section. Two' 
of the studies, General ' Education rn Engineering and Liberal 
Learning for the Engfneisr s were not included in the cate- 
gorization scheme because of their limited scope- LiteratxJfe 
concerning engitte^ring Education was then reviewed Jto deter- 
mine the impact of tKe^fi studies. 

The following is a review of each study: 

3- Report on the Evaluation of Engineering Education 

The Committee on Evaluation of Engineering Education 
of the American Society for Engineering Educafion 
(ASEE) was appointed by the society's president in 
May, 1952^ upon the recommendation of the 1951 Committee 
on Ade<:iuacy and Standards of Engineering, Education and 
the Engineers' Cpuncil for Professional Development and • 
ASEE coimittees, , The Committee was asked to develop 
standards to aid ECPD in "bringing engineering accredi- 
tation in consonance with future respbnsibtlities of 
engineers'," (p. 3) . ; 

. * 

. The Committee's report (commonly known as th^ Grinter 
Report) stressed the need for more mathematics and . 
science in engineeVing curricula, with emphasis on 
"education directed toward the creative and practical 
phases of design, involving analysis, synthesis, .devel- 
opment, and engineering research as the most distinctive 
feature of engineering curricula."" (Page l4.) The 
report also noted. . the importance of orienting engineering 
education toward the ob;ligation of the profession to 
society, but it did not propose that this obli^ation-be ' 
realized through a substantial reordering- o? nontechnical 
content in engineering education. 

Since the Grinter Report was published,, basic principles 
have been given increased emphasis in engineering prO" 
grams. This may. be largely due to increased federal 

. funding for basic '^research in the late 1950s, and a 
concentrated effort to .increase the number of graduate 
degree engineers, with a basic, research orientation 1/." 

.Hbwever, emphasis on the creative and practical phases 
of design have been reduced. 
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^' General Educatior> 1o Engineering: Reoor-t of the 
Conwlttee fo r the Humanistic-Social ResearchTroject 

This project was a by-pV'oduct of the Grihter Report. 
Its purpose was "to consolidate and inake available the 
experience of engineering schools during the past ten 
years in developing workable programs of study in the . 
humanities and, social sciences; and to make recommenda- 
^ tions -looking to the future- strengthening of this' 

portion df engineering education." (Page 627, Journal of 
Engmeerirfq Education. April 1956.^ ; — 

- Competent observers .conducted over a thousand inter- 
view? of engineering educators and made follow-up 
^ reports. These interviews indicated that engineering 
/ education programs were extremely diverse, and the 

1 data obtained from thera were not readily reducible to 

tabular form. 

'It was observed . . . "that engineering educators 
"tnroughout the country are in nearly unanimous 
agr^ment that their students would profit— as 
professional men, .as citizens, and as in- 
dividuals—from a fuller acquaintance with the 
resources of the huitenistlc and social sciences; 
that a. sizable oyfnber of these same >educators 
are honestly fejfrful' that attempts to incorporate 
Injo already overcrowded 'curricula substantial 
programs of humkistic-social studies may either 
jeopardize the Quality of the technical education, 
^ or lead to superficiality in the treatment of 
the humanities artd social sciences; but that some " 
• thirty or more of our leading engineering schools 
have demonstrated such fears to be' groundless by 
developing carefully. planned programs that prpvjide 

humanities and social 
sciences while simultaneously reinforcing the 
student's' engineering training." (p. 623) 

, Relaying upon the professional judgment; of many engiheer- 
' ing educators, the study discussed the selection and 
development of an ^engineering faculty, curricular . 
content as related^to the objectives of engineering 
education, the evolution of engineering curricula, 
special factors that influence u'nder graduate educational' 
achievement, and graduate study ,in engineering. 

%. ^Port concluded that the most common cause of un- 

successful engineering-designed "liberal arts programs 
- was unilateral planning by engineering faculty. Often 
* the liberal arts faculty were not included in the early 
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planning stages of such programs ,^ causing resentment 
which precluded their later cooperation. At times, 
their reseiitment grew jnto "overt opposition," To 
eliminate this situation, the study stressed the ^ 
importance of joint fjlanning^and cooperation between 
engineering and liberal arts faculty in the development 
and administration of liberal arts programs for engi- 
neering .students, (p, 666) 

An Engineering Mas.ter Plan Study for the Univs^ity 
.of California 7 ^ ^ 

TKis study was conducted by the Engineering Advisory 
Council in response to concerns expressed by many en- 
gineers, ,i,e, whether parallel practice- and research- 
oriented professional graduate programs should be 
developed; whether more confent should be included fft^ 
undergraduate education.; whether the quality of under- 
graduate instruction can be maintained in an atmosphere 
dominated, at many schools, by graduate study and re- 
search; and whether faculty should be added to stimulate 
greater faculty attention to teaching and to continuing 
education, and to enlarge the professionally qualified 
segments of the faculties as <:ompared with, the research- 
oriented segments. 

V 

The Council' concluded that engineers should be broadly 
educated: " - 

**Because the engineer must' please people with 
his,wfks,^he must understand, jas much as--his 
time permits^^ not only the sciences, but also • - 
the current laws, rules, customs and procedures 
of his society. Because he has^a major social 
responsibility, he must eventually deal in aes- 
thetics, philosophies-, mor^s, folkways, and many 
emotional and seemingly irrational ^aspects of 
hniman behavior. The scientist, on^ the other . 
hand, can seldom predict with accuracy the social 
consequences of his undertakings • He must spenfti - 
more time at the frontier of knowledge in his 
special field and less on the socjal, economic, 
and political implication of his discoveries 

- "In both engineering and science, new information 
is b^ing developed at a rapid rate. During the 
. next decade, there wtill be high rate? of change 
'-in many of 'our political and*socia1 institutions, 
. as -well as in our. technologies and our business* 
and physical environments. It thus appears 
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that two; very, desirable educational goajs 

• are impossible of accomplishment: (1) A 
student cannot be equipped to-kfiow all there 
is about. everything Applicable to enaineer- 
ing practice; there is too much to- know. 

(2) He cannot even, be equipped for the dura- 
tion of his lifetime; too much will change." (p. 26), 

In .effect, the study supported the need for engineers 
to have at least some knowledge of the "fields of / 
understanding." It also made numerous observations / 
concerning faculty: / 

"That the single rriost important requirement / 
for an excellent engineering-^program is an " / 
outstanding faculty, (p. 121) ' / 

"That 'the faculty must excel in teachina and / 
must have collective excellence in the acti-~ / 
.vities for which students are being trained. 
A proper balance of faculty comjietence is 
important, not only for teaching and student " 
gu-i dance, but also for educational policy 
making.' ( p. "121 ) 

"That 'the programs of instruction in engineer- 
ing must be designed for. undergraduates , for 
both professionally and academically orliented 

* graduate students, :and for continuing education, 
programs. Th6 University maintains strong 
faculties in..support of , the undergraduate and 
academic graduate programs. However, the. 
^Composition of the .present faculties and the 
associated evaluation and reward system will 
not adequately support the expanded profes- 
sional graduate or continuing education pro- 
grams.' (p. 121) ." ; ' 

"That 'the University's formal statement of 
its expectations as to. faculty performance is. 
adequate for the evaluation'of engineering 
faculty members provided its interpretation" 
.can 'be changed to place greater emphasis-on 
quality of teaching and on 'forms of creative 
achievement other than research. ' (p. 121) 

"That in practice promotional policies 'have 
been 'interpreted to give recognition»*in the 
area of creative^ work only to research as 
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documented fay publications. Thus, only fac-' 
ulty inembers whose creative activity is in 
research are s»tisfactorily evaluated at 
^ present. The faculty memfaers whose creative 
work is not in the area recognized as re- 
search are disadvantaged. Those working in- 
more than .one creative area often have dif- 
ficulty, too, even wJien one of the areas is '"' 
research. The excellence of -teaching is 
not weighted strongly enough. A result has 
been the evolution of a research-dominated 
education .program, albeit one of hi^h 
- quality. Undergraduate and. professional 4"^ 
graduate instruction -and Continuing education 
have been handicapped.'" ( p, 132.)* 

Based on these observations and others', the study 
concluded that teaching should be a main faculty 
duty; that some professors should have continuing 
involvement with engineering design and development 
in industry and government during summers and on 
leaves; that some^ professors should give substantial 
attention to Continuing education;- that the Univer- ' 
sity should give major attention to the -maintenance ' 
of a competitive system of faculty remuneration; 
and that a task force of department chairmen and 
Engineering Advisory Council members should be formed 
to investigate the evaluation of .teaching and creative 
•aGhievement in tenure selection and pr'omotion prac- 
tices. • ~ ' 

• The Preliminary and Final Goals Reports • 

In 1961, the ECPD requested the ASEE to conduct- a 
study of the goals of engineering education, financed 
by^.a $300,000 National Science Foundation grant. Two 
l^eports were issued as a- result of- this study. Both 

.• outlined the growing dtchbtorny between research- ^ 
oriented and practice-oriented activities and con- 
cluded that a two-stem: approach; to. engineering edu- 
cation should.be developed, one emphasizing practice; 
the other, research. The if:eports also recommended 

^ that engineering sttiCrents should be given greater 
exposure to the humanities and social sciences'. The 
Preliminary ReportVecommend^d ". . . that during the 
next five years the accrediting activity of ECPD be 
gradually sh'i.fted fr6m th6 bachelor's degree to , the 
master's degree, or in other words, that the first 

/ pr<?fessjonaK degree be considered the master's degree , 
ar)d the bachelor's decree be consi dered an introduc- 
tory degree." (p. 36) - 
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The recommendation was rewritten in the Final Report 
to read: ' ' ; . ^ 

• ♦ it i>s recommended that the engineering^ 
profession and engineering educators recognize 
the inevitability of increased graduate level 
education 1ji the future, and take whatever 'steps 
are .necessary to provide the opportunity for*- .at 
least one year oli^graduate study, for the majority,- ' 
of those Who. wiTl complete their undergra'duate 
education during the coming decade • • That - 
during tfie next :decade basic engineering edu- / ' ' 
cation be extended to include at least one year 
of graduate ^ level* education leading to the 
master's degree." (pp. 13-14) 

A Study of a. Profession and Professional Ed ucation 

r '• • 

i 

As part of the Educational Development Proaram of the 
Engineering Department 'of the University of California 
at Los" Angel es if the»study began as one of engineering 
education with an emphasis on the design of undergraduate 
and graduate' education programs,. It evolved into a study 
of -the professions in general, but focused on the 
engineering proressiqn. In explaining why 'the study 
was conductejl, Mr. Rosenstein, the principal investi- . 
gator, -wrote:^ . ' 

"The 'crisis ot the profession' whi?h preci- 
pitated pur study ^has roots both inside and 
outside the university. It reflects massive 
changes In the professions, in the university, 
in technolow.and^ SQctety. /The problems of 
prbfessionat^auc^rttwi^^ a consequence of 
the accelerating sacio-^feclip^bar changes that 
have, been affecting and transforming every pro- 
fession and every major university during the . 
past several clecades.'| (p/x) * 

.In his .diSQusSion*of the "crisis, of the prdfess^ion," 
Mr^. Rosenstein noted th^ declining position of thd 
United States as an exporter of technology and capital • 
goods; then 'discussecU the relationshi]^ of the nation's . 
competitive posturiet* and. interests to activities of 
our pnofessi.ona? schools. He cited several examples " 
that suggested such a relationship, but concluded that 
the exact nature of the relationsrtfp was yet to be 
determined- . 
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Rosenstein also questioned whether research alone ' 
could solve many of society's problems* As evidence, 
he cited the lack of a positive correlation between 
Nobel Prizes received in medicine and the quality of ^ 
^our nation '^s medical services ♦ 

He also observed that: - 

"The pressures upon th^e personnel of the profes- 
sional colleges have become overpowering. The 
flight from teaching is well -documented^ and the 
effects upon^ both undergraduate and ojE^duate 
programs have been accumulating. is easier . ' 
to teach a mathematics or aNScience^course than 
a professional course With open-erraed problems* 
It.is easier to concentrate in ar specialized 
scientific area than to underta^^-ihe solution 
of substantial professional *probl ems with a 
slower paper production rate/ The young assistant 
pr^ofessor has li,ttle choice- Facdd with the 
perils of "publish or perish," only the foolhardy 
will assume ""a professional stance. 

v *"Prafessors, .like-all other living or^anisms^r 
'tenckto replicate themselves. One cannot expect . 
a young professor who has gone directly from 
his Ph,0. to teachinc^ without any professional 
experience to* produce' anything other, than a 
Ph.D. with little understanding of the profession 
in which he has little desire to practice. The 
inbreeding consequences of the past two decades 
have Influenced the professional curriculum. In 
engineering, for example,- the undergraduate mathe- 
matics and science courses have received a long- 
overdue renovation and modernization. On the 
other hand, the older, empirically-based engi- 
neering subjects have been discarded and too often 

• have ^ot been replaced with a:modern professional 
stem." (p. II, 7-8) ^' • ' ' 

Based^n 'these observations and conclusions,' Rosen- 
stein' reconmended that professional education should 
be evaluated on a regular basis. ; He developed a 
method of curricular design and recommended that the 
professional schools teach courses in applied humani- 
ties, and fpr the general campus, offer courses on the 
professiions and society. In. the area of engineering 
educ;ation, he emphasized the importance and need for 
teaching more design/applications. 
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^ • ' Liberal Learning for the Engineer . 

• This study,, conducted by the Humanistic^Social Research 
Project Conmittee of ASEE in response to charges that 

l^the 'engineering students* education was inadequate 
r and irrelevant, was designed: 

\ • -to formulate goals for the humanities 
and social sciences whigh are relevant, to the 
changing character^of society and the changing 
role of the engineer in society; to examine 
the resources available and the changing em- • 
.phases and directions within th^ humanities 
and social, sciences as they affect "planning, 
staffing, 'and teaching of courses and progr^s 

* • fbr engineerina students; to gather information 
concerning changes which have taken place in 
the humanistic-social education of engineering 
^students within the last decade and to .identify 
trends, situations » programs, and courses which 
appear to further selected goals; and to draw 
• up guidelines for 'teachers, administrators, and 
policy makers in order to assist them in achiev- 
ing their desired goals >in specifig.4nstitutional - ^ • 

" situations." (p. 6) ' , 

.The following statement summarizes the findings of the ^ - 
study: \ ^ " ^ 

' n ' • ^ 

. . ther« is little sign as yet that either 
new programs, or the new-^found status of humanists 
and social scientists , .is even beginning to meet 
the challenge of change 'in our technologfcal cyl- 
•,ture and in the roleof th^ engineer within it. 
Most revisions of program appear to be matters - * 

of minof adjustment. rather than major overhaul. 
Very few .involve liberal attempts to give the . ' ' 
student a sense of the overall picture—the .inter- 
actions and interrelations within the context in 
/ which he will ^live as a person and work as a pro- 
fessional man. Nor does one find much awareness 
of the importance to the whole enterprise of 
involving the engineering -student in the life 
of the campus, both its culture and its contro- 
versy."* {p\ 12) , ' ' 

.The study concluded that it was not possible to formulate 
a fully developed program whixh could be offered as a 

• general solution to the problem of humanistic and social ► ^ 
content in engineering education, but did develop some 

general recommendations: . . that developmental and v 




contextual objectives shouljd^be emphasized and their 
implications should be thorotiqWy explored ;'*"and that 
the humanities and social scieniS^ should be trea.ted 
not as a separate stem, but as an integral part of a 
liberal engineering education." The study also recom- 
mended that " a qualified huma^nist or social sV jnti st 
should be invited to join each' accrediting teamTlma ^ 
be asked to study- the humanistic-social part of the 
program," The suggestion was not^ however, adopted 
by the 'Engineers * Council for Professional Development, 

Future Directions for Engineering Educa^on: System 
Response to a Changing World 

In 1972, the MIT School of Engineering supported a 
stud/ of engineering education conducted by the MIT 
Center for PoTfcy Al teVnatives. ^ The study was initi-^ 
a ted "to examine the feQ^gineering educati.on system in 
a changinf'g world" (p/3). A committee composed of 
engineering educators, employers of engineers and 
several nonengineers analyzed the information gathered 
.by the Center and drew upon their experience to draft 
the report. 

The committee made numerous observations, some of which 
ahe summ^irized below: ' 

"During the last twenty years, military and space 
programs stimulated demand for engineering . 
scientists. Future demand for engineers will 
probably be in the traditional and more slowly, 
expanding- sectors. However, defnand for new^power 
.plants will result in considerable demand for . 
engineers, .-with a desigrt orientation', (p. 39). 

"Just as social, econpmic, 'legal , and political 
considerations now mUst be considered more fully 
in work for the federal government, .industries • 

" are faced with the .growing importance of new rd-- 
quirerrients arising from cfianging* demands- of the* < , 
market or of the society, through the political . 
process. Consumers are demanding 'improved pro- ^ , 
duct "performance. Safety"* and consumer regulations 
have become more pervasive and restrictive, Envi- 

- ronnfental cons'i derations determine the design ^and 
use of products and affect the technology and • 
location of production plants/ The rising costs 
of fueV and' mineral resources influence. engi- 
neering decisions and create opportunities for fi^w 
engineering work in the development of more* effi- 
cient technology. The engineering of, social systems 
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Cniedical, educatioijal , and qovemmental systems) 
requires greater consideration of human values 
and attitudes and the characteristics of sopieta,! 
institutions. These changing emphases are not 
• yet generally reflected by changes in engineerina 
education, (p. 39). 

' - ^ * , * ' 

"Engineering training is being used more often 
as a foundation for graduate stiidy in other 
fields, such as business and public administra- 
tion, law and medicine, (p. 40) 




"Work and careers af' engineers change signWv 
cantly durinVtWfr J,ifetimes. These chJ^nges^ 
are caused by their own growth, the reqinre- 
ments of their employers, changes in the tech- 
nology they use in their work, the chanaing 
market, and changes in national aoals and socie- 
tal attitudes. i 

..■ ■" 1 • ' ■ 

"At present, there, are few programs Which pro-' 

vide for retraining and. relocation, little • 

evidence that it can be done effectively, and 

little financial support available. Also, it 

has not been established that present enaineerin^ 

educatiori prepares t-he student with th?attitudes 

or skills to take advantage of the opportunities- 

of a changing career, (p. 41). . 

"A decade of protest and turmoil has left en- 
gineering campuses and students only sliahtly ■ 
changed. As before, the engineering student 
is comparatively pragmatic, self -directed, not 
■people-oriented, and desirous^f unambiguous 
situations and structured work. Existing En- 
gineering education patterns, centered on. 
analysis V problem, sets, and abstract symbol 
manipulation, my reinforce such characteristics 
rather than people-oriented traits and skills. 



"If, as we believe, theSj^t of engineering 
requires skill in the use of 'intuitive proces- 
ses, in dealing with Uncertainty and ambiauity, 
in problem definition- and solutionj then it is 
^ no wonder that design ishard-to teach engineerina 
undergraduates', especially in the upper" years. 
This is in sharp contrast to fields such as archi- 
tecture where creative design ability is expected 
and nurtured at all stages of the educational 
process. * . 
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"There is considerable evidence that many rela- 
tively flexible, leSs analytical st:udents leave 
.engineering by either changing niajors during 
the undergraduate years pr.by changing fields 
after graduation. Other students cjiange to less 
prescribed curricula than are offered by tradi-' 
tional engineering curricula in search of flexi- 
bility and wic^r options for the future. These 
"dropouts" from engineering may be^hV very 
people who could best deal with the ambiguities 
of the greater number of engineering problems," 
(p. 42) 

Based upon findings such as__these,_thjs committee con- 
cluded that design and clinical experience/ should be 
integral parts of, engineering education; that mGre^^ - 
schools ought to offer "bachelor of engineering" de- 
gree programs for students planning graduate study in 
" ssiQns 'other than engineering; that more effec- 
couns^ng methods should be developed; and that 
ols shouT^ prepare for a possible period of little 
growth • 



E-E: ErW'gy and Engineering Education 

E-E was conducted by Professional Engineering 
esearch CJfesiAs^ tfie Califoryiia Assembly 

ommittee.on Education, Its purpose was( to identify . 
energy related research projects being cVi^uctecl by 
institutions of higher education in Califii^nia, and to 
exartine engineering and science curricula ^Msjt relates 
to the training of engineers and scientists ttt^cope^ 
the broad implications ,of the* eheray problem/; 

Data gathered in visitations niade to several campuses 
of 'the Unjversity of California, the California State 
University and Colleges ,System, and independent col- 
leges indicated'; 

- that courses which increase the engineer's aware- 
^ ness of "the interaction of the physical sciences 
-with the biological social , political ^economic,' 
• and environmental sciences shoulid be required; 



that "parallel ladders" should Be developed to 
recognize research, teaching, and public service; 

that profes^sional experience should be one of the 
criteria for employment as a member of the engi- 
neering faculty; 
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- that^the current emphasis upon basic principles 
should be expanded to cover an appreciation of 

. engineering technology; ^ ' 

* * 

' - that undergraduate progi^ams should be .oriented 

in a direction permitting students the option ' ' * 
of emphasizing either research or practice; 

- that-the Galiforrtta-Postsecondary Education Com- 
. mission should establish a mechanism for the 

continual evaluation of the relevance of engi- 
neering and scientific education; and * • 

- that an investigation should be undertaken to 

• determine the relationship between engineering i' 
Ifcerjsure in the State.of Catifornia and engi- , 
neering curricula* 

Summary 

A basic concern in the eight studies which' wer^ reviewed 
was the impact of chancing technol-bgy and societal 
heeds on engineering education. The lack of practice- 
oriented programs; inadequate social and humanistic 
content; insufficient ci:e(Jit hqur requirements 'for a 
prof essionar degree; and inadequate faculty. evaluation 
practices were the major problems identified 'by the 
studies. Numerous recommendations Hvere made to alle- 
viate the problems, but-very little evidence -exists 
indicating that the recommendations have been implemented. 

As indicated in Table 3 /^olldwing, 'there was a hiah 
degree of similarity in/the reco^endatlons of most of ' 
the studies; thit is, that cours6s be more effectively 
taught in most of tha^^afee^s 6f uncler^tanding," Other 
recommendations profAsedvttjgL new accredi4:ation criteria 
be adopted by.ECPD; that arnculatiop between" colleaes 
and universities be improved;- that curricula flexibi-^ 
lity and diversity be'encoQragedj that 'both research- 
and practice-oriented programs be offered; that under- 
graduate education continue to offer th€L;bac>ielor "of 
science degree, yet ba%e the' curriquTa on the assumption 
that students will obtain a 'master's degree; th^tt engi- 
neering students be provided* with^ practical engine^iring 
experience; that faculty be exposed to engineering prac- 
tice; and that teaching positions be made available , to- 
practicing engineers, ' . - * 

The similarity of recommendations , may indicate that 
changes made in engineering education programs have not 
been adequate, and/or that there is a need for engineering 
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.education to continupusTy change to ^neet the changing 
demands for engineering skills. 

* f' 

. " Authors of Previous Studies ^ * ^ - . 

The principal authors of four p-reVTous ^studies, and 
' others closely involved, were contacted to obtain their 

opinions on the impact of the following four studies: 

the Evaluation of Engineering Education- (the "Grinter 
4 Report"),, the Mastir Plan Study , the Ftnal Goals Report , 

and J^ Study of -a Profess ion , and Prof essi onal* Educati on . 

Responses to three questions were solicited: \ ; 

- Do you feel that the recommendations, are still 
valid in, light of the engineering environment 
of 1976?- 

- Have any of the recommendations been implemented? 

- Which recommendations should be imp^lemented on a 
high priority basis? ' 

(1) Evaluation of Engineet^ing Education 

L. 1. Grirtter, then Chairman" of the Committee 
responsibtfe*for Ithis report, replied that he 
' believfed the report , •opened the curricula 
of engineering schools^ to greater emphasis upon 
science and its applications r Hence, . . . 
I believe the Jleppirtfs first recommendation has 
been, widely fmplOTented." In regard to the other, 
recpmmendations,' Dr. Grinter was '"fless satisfied.-" 
"Engineering educati dni has actually lost ground 
in the attentiomit has^given tb humanistic and • 
social studies ." - - / 

(2) Engineering Master Plan Study ^ 

Replies were received" from k. L. Johqson, who 
chaired ^the task force which condqcted the study, . 
and 'from Robert ^romberg,, then cutVent Chairman 
"of the Engineering Advisory Council. ,Bdth>e- 
spond^nts felt that >rhne lacking 'some detail and 
statistics, the logic behind the recommendations 
was sound, and the reconntendationsHn .essence/ 
. remained v^ilid, , Both bielieved that^many'bf the 
recommendations have been implemented, "some 
directly and>others in spirit."* 
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CATEGORIZATION OF RECOMMENDATIONS 
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.TABLE 3 (cont'd..) 
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FACULTY: - 

^Competitive' Salary Levels ^ X 

Reasonable Teaching Loads 

Improve Recruiting Practices X X 

E^ojKxe to Eng.. Practices >X X X ^ 

TeacMng Positions "for 

^ Practicing P.E.'s • X. X ' 

Placing Emphasis^ on Teaching X' 
Improved' Student-Faculty , . 
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Final Goals Report 

Eric A. Walker, who chaired the ASEE Goals Com- 
mittee, and J. M. Petti t, the Director of the 
Graduate Phase of the study, replied that the ' 
reconmendations were still valid and that the 
engineering community in both educational and 
accreditation activities was working to implement 
the activities. Dr. Walker's interestina com- 
ments : 

"However, I would point but that there are 
still two difficulties. Fmt, there is too 
little interaction between the practicing 
engineer in industry and the professors of 
engineering, with the -result that enaineerina 
educatton is not as responsible to the needs" 
of erigineej:s as it should be. By practicing 
engineers, I mean those who are actually 
engaged in putting science to work. 

"My other complaint is that too many schools 
have adopted the report as being, a guidebook 
and have not been selective in what they db. 
The report str;esses diversity in engineering 
education, but too many schools are trying 
to do everything.' They are giving instruction 
in all branches of engineering and at all' 
levels, from the associate degree to the 
doctorate. There are few, if any, colleoes 
and universities tharcan be first-class'in 
all fields. I believe colleges should be 
selective, pick out a few things in which 
they can excel and forget about the others." 

A Study of a Profession and Professional Education 

The principal investigator of this study-r-ftrferTB^ 
Rosenstein, replied that^JH^ie-recomnendations 
seem more val id Jhan-eveTui liqht of the enoineer- 
ingenyij^Doment of 1976." He estimated that'l3 of 
^i^^ recommendations "... are in the process 
of being implemented to some degree in some insti- 
tutions." Many of the recommendations being im- 
plemented are.fthe same as those which were consid- 
ered high priority items. He added that: 

"We are in the process of rewriting the Study . 
, to Include recoimendations for (1) a continuing 
partnership between the public sector, private 

1 
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' sector, professions and professional schools 
^ for the improvement of the nation's quality 
of life and maintenance of the nation's 
. competitive position' in world markets; (2) re- 
structuring the University; (3) means f6r 
' ^measuring educational needs and institution- 
alizing the change. process in higher education; 
(4) common undergradi^ate professional stems; 
and (5) socifetal assessment as a regular part 
of undergraduate education," 

1(5) Summary ' . 

Contrary to the opinions of many observers, the 
principal 'authors bf these four studies agreed, 
that there had been implementation to some degree 
of some of the recommendations. By* no means was 
the degree of implementation always' satisfactory, 
nor were the number of recommendations acted 
upon sufficient. 

Contrary opinions among critics and authors on 
the matter of whether or not recommendations had 
been implemente^l seemed ^to be over conflicting 
definitions of what constituted change. Where • 
most critics were looking for "obvious and 
immediate implementation, the principal aO|ihors 
recognized evolutionary change, the gradual 
adoption bf tfie^-s^tfi t of the recommendation. 



The Engineers* Council for Professional Development (ECPD) 
is one of the single most effective organizations in guiding 
the curricula of engineering programs in the educational in- 
stitutions of the United States, It is the nationally recog- 
nized accrediting agency for engineering programs. This 
section examines the creation and development of ECPD and its 
accreditation process and guidelines, and analyzes the extent 
of. the organization-s impact on engineering education, 

a. History * ^ 

In 1928, the Committee on the Economic Status of the 
Engineer, appointed by the American Society of Mechan- 
ical Engineers (ASME), issued a report which emphasized 
the need to improve the status of engineering by estab- 
lishing a clear distinction between, the engineer and 
the nonengipeer. The report suggested that an educa- * 
tional program beginning with high school students would 
provide engineers and the public with an understanding 
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and- concept! on of engineering' as a profession. In 
. -response to the Committee's report, ASM^ requested 
that other technical societies -join with it in a 
conference of certification of the engineering effort." 

During 'this same period, the National Council of State 
Boards of Engineering Examiners (NCSBEE) 2/ invited 
othe^ national engineering societies to aid in the 
establishment of a "National Bureau of Engineerina 
Registration." . ' . 

The plan was to provijde unified certification: 
• (a) for registration by the State Boeirds , 
(b) for admission to membership in the engin- 
> eerin^ societies, and (c) for the conferrina 
of professional degrees by the engineerina " 
schools. 3/ . ' - . 

^ These efforts became -united in the Conference on ^ 
Certification into the Engineering Profession, which 
was attended by representatives of NCSBEE, American - 
Society of Mechanical Engineers (ASME), the American 
Society of Civil Engineers (ASCE),.the American In- 
stitute of Electrical Engineers (AIEE), the American 
Institute of Mining Metalluraical and Petroleum 
Engineers (AIME), the American Institute of Chemical 

. Enginieers CAIC^E), and the Society for Promotion of 
Engineering Education (SP^E). 4/ 

In February of 1932, 'the conference membership appointed 
a {Xlannijig, committee consisting of representatives from 
each society attending the conference. This committee 
met in March of 1932 and developed a comprehensive pro- 
gram entitled, "A Plan for Joint Action in the Oevelop- 
ment of the Engineer." The report containing this 
program was adopted with only minor changes by the con- 
ference members in April , 1932. It was then proposed 
that the plan be put into effect by calling the first 
meeting of the Engineers' Council for Professional 
Development, whose 'igovernina objective is to'be the 
enhancement of the status of the Engineer." 5/ 

b. Organization 

ECPD has been in existence as a private organization for 
over 4.0 years. It presently is comprised of 15 "par- 
ticipating" and "member" bodies. As defined in ECPD's 
Constitution and Rules of Procedure, "member bodies must 
. . . have objectives and programs which can effectively 
support tho^e of ECPD, whereas participating bodies must 
. . . have objectives and' programs which actively support 
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those of ECPD . . . and be . . • actively engaged in 
the dissemination of technical knowledge, and have a 
demonstrated interest and capabil ity in^the accredi- ' 
tation process . . There is currently one member 
body, the National . Institute of Ceramic Engineers 
(hUCE), arid 14 participating bodies in ECPD: 

AIAA, ASGE, SAE, ANS, NCEE, AIIE, ASME, AIMItJ, 
' IEEE, AIChE, ASE, SME, ASAE, NSPE . 

Applications for .members hip must be approved by-^the 
Board of Directors of ECPD.. To become a member body, 
applications must be approved by the governing boards 
of at least two-thirds 'of the mender bodies-; to become 
a participating body, applications must' be approved by 
at least two-^thirds of the participatijig bodies, * 

ECPD is governed by a Board of Directors which enacts ' 
policy and mana'ges the organization. ' Dues income of*, 
the participating bodies determines how .many "repre- 
sentative 'directors" each may appoint to .the Board. If 
this income is less than $700,000, the participating 
body can appoint one director to the Board; if it is 
greater than $700,000 and less than $1,200,000, it may 
appoint three directors. The Board of Directors must 
abide by the Rules of Procedure. 

'In addition to its policy-making responsibilities, the 
Board of Directors determines the dues^ each member shall 
pay to support the annual operating budget of ECPD. Each 
menter body must pay $1,000. The annual, assessment for 
each member body consists of two parts. The first part 
is a fixed amount ^ual to that paid by the member bodies 
Thie second part is in proportion to the annual dues-' 
. income (exclu'ding student dues) of each participating 
'body. The minimum annual assessment for each participa- 
ting body is $2,000. 

As a f3articipatir\g body, NCEE is entitled to representa- 
tion on the Board of Directors of ECPD.^. Thus, as a 
result of their merrf)ershipM*n NCEE, the Estate boards of 
registration have a* voice in ECPD's policy-making pro- 
cess. In addition, boards of registration may send 
observers on ECPD^ accreditation visits to colleges and 
universities. 

The accredl^tjiCion guidelines can be found in ECPD's 
Annual Report . Present guidelines are .fairly«i.bfoad 
and do not include a minimum credit hour requirement 
for a bachelor of science degree. Because there is no 
uniformity across the country in the basic credit units . 



55 , 

73 



for a degree, ECPD has not attempted to set up a 
strict unit requirement for bachelor of science 
engineering degree programs. Instead, ECPD accepts 
four full academi c -years as 'the time necessary for 
•completing a basic level baccalaureate orooram in • 
engineering. Across the nation, these four years ' 
could mean anything from 40 to 500 credit hours, 
depending upon the credit-hour system usecl by the 
institution. As a result of the- use of different 
credit-hour systems, ECPD takes the total number of 
^ units required by the institution for a 'baccalaureate 
degree, then divides by four to obtain what "one full 
year means in a particular program. Further sub- 
divisions then provide the necessarfvstandard. 

The Engineering Education and, Accreditation Committee" 
of ECPD is responsible for the formulation of accredi- 
tation guidelines. Members. of the conroittee are 
appointed by the president of ECPD, subject to appro- 
val by the participating bWy holding curricular 
responsibility in the disciplinary field that the 
appointee is representing. Membership on the committee 
IS by formula, and is structured so that those dis- 
ciplines having a larger number of programs also have 
. a larger nunter of representatives than those having 
a snail er number of programs.- 

Persons are appointed. to the committee in accordance 
with Sections TO and 11 of ECPD's bylaws'. Appointments 
to the committee are primarily based upon previous 
experience on accredi^tation visits and knowledge of 
the particular discipline assigned. Thus', persons 
usually become active in ECPD's accreditation process- 
by participating on an ad hoc visiting team. Appoint- 
ment as an ad hoc visitor indicates, that the person is 
well-versed in a given discipline and considered capable 
of passing judgment on the quality of educational pro- 
grams in that discipline. Successful service as an ad 
hoc visitor on several accreditation visits makes a — 
person an eligible candidate for vice chairman of a 
region: Successful wdrk in this capacity can then 
qualify a person for a regional chairmanship. Further 
evidence of leadership and" understanding of accreditation 
can then enable this person to be nominated as an officer 
of the Engineering Education 'and Accreditation Committee. 

Since the individual disciplinary programs, rather than 
the entire engineering college, school, or department 
are. accredited, an institution must petition to have a 
specific program evaluated for accreditation. After 
making application, an institution receives a detailed 
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questionnaire from ECPD* The data submitted 'by the 
institution in response, to the questionnaire, and 
^ the supplemental report on an on-site visit by an 

ECPD accrediting team, are used to evaluate the program 
for accreditation* • , 

There are several steps the selection process for 
visiting members ♦ Each participating body submits a... 
list of members who they feel are qualified to participate 
in accreditation activities to ECPD. Once an institution 
f\as applied for accreditation, a team, chairman selects 
those individuals from the official list who he feels 
are mst qualiVied, as a result of their preparation 
and\ expertise, to evaluate that particular program*^ 
Thii ,second list, usually containing the names of sev- 
eral, persons whp could competently evaluate the program, 
is then* sent to the institution for approval. The judg- 
ment of the visiting team must not only be acceptable 
to ECPD, but also to the institution being evaluated 
for accreditation. Consequently, the institution seeking 
accreditation can eliminate from the second list anyone 
they consider- unsuitable, ' (According to ECPD, there 
are many cases wh^re a university has had dealings with 
an individual on a consultant basis, or in some other 
capacity, that would create a conflict of interest.) 
Nevertheless,, since the ECPD accreditation team chair- 
man selects the list of names from which the. institution 
must choose, the determination of who will participate 
on the^visiting team ultimately' remains the responsibility 
of ECPD. 

Prior to the visit, each member of the visiting committee 
-is provided with a dossier of information*, supplied by 
the institution, which explains the total campus education 
effort: The team members review this material and subse- 
quently verify this information and qualitatively assess 
such factors as intellectual atmosphere, staff morale, and 
caliper, of the student body duringi^their visitation. The . 
team must then project the potential competency of the 
^.graduates two years, four years,, and six years into the. 
future. ' There must be' a subjective analysis of what will 
be required two years, four years, and six years hence 
in the practice of that particular engineering discipline. 
Once this process is completed, the accrediting team has 
a debriefing session with the members of the institution 
to help assess the weaknesses and strengths noted by the 
team. ^ 

' . • . . ' • * \^ , , 

Many practicisig engineers have criticized the dominance 
of ECPD*s accreditation efforts by engineering educators. 
Some have' even suggested that educators evaluating other 
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educators- is "incestuous," and that engineering 
educators do not unde"rstand the problems of\endinee/- - 
ing companies and consequently are not capab>e"of 
giving thfe engineering student an understanding of 
the problems that confront most practicing engineers. 
Others, however, have argued that most practicing 
engineers are not qualified to evaluate engineering 
education programs because they do not understand the- 
problems that confront most educators or have insight 
into the basic requirements of the field of education. 
Unfortunately, interest in the educational' process 
among practicing engineers is generally minor, and 
very few expeiptenced engineers have taken advantage 
of the available opportunities to assist the educa- 
tional process. Consequently, the accreditation pro- 
cess has rM||ined dominated by educators even though 
an equal balance o.f representation by practitioners 
and' educators -is sought by ECPD. 

ECPD relies upon mejnber societies to nominate indi- 
viduals with a^var.i'ety of different backgrounds to 
participate in its- accreditation activities. There is 
no requirement that the practicing profession and ed- 
ucation be equally represented on the ad hoc visiting- 
teams. The responsibility of the participating 
,,bOdies is simply to provide ECPD with the names of • • 
members they^feel are qualified to participate in ac- 
creditation activities. The Executive Director of 
ECPD has stated: " - . 

"Though the 50/50' 'distribution has been mentioned " 
. as a possible ideal situation, it is hot necessarily 
the ultimate goal.' It- is known that the ratio of' • 
educators' to practicing engineers within any given 
discipline shows less than two percent as. educators; 
however, not all practicing engineers understand 
the requirements of the educational process. It 
is true that there ts a .preponderance of educators 
over practicing engineers in previous years. -Th*. past 
few years. have shown a- concerted effort on the part 

* ■ ^^^"^ Chairmen I9 select as close as possible 

a- 50/50 mix of .educators and practicing engineers 
for the visiting teams. The success of this venture 
will depend upon th^ successful performance of indus- 
trial people versus that of educators and the aware- 
ness and cooperatiqn of the disciplinary societies ' 

■ in providing ECPD with a balanced- mixture of the 
educators and industrial people for the visitors 
lists.- In some fields this last year (1975), the ba- 
lance of practitioners to educators was 40/60." 6/ 




Like the ad hoc visiting committees, the Engineering 
Education and Accreditation Committee is also domina- 
ted by educators. Currently 22^ of its 27 members are 
educators. According to ECPD, as more industrial 
people participate in accreditation visits, there wil-l 
be more 6f them eligible for consideration for committee 
^positions, ECPD gxpetts that within the next few 
years the 50/50 representation may occur in some dis- 
ciplines. 

In addition to accrediting engineering Bachelor of«- . « 
Science programs, ECPD also accredits associate and 
baccalaureate degre^v^rograms ih engineering tech- 
nology, AccreditatiorN)f these programs is the 
responsibility of ECPD's Engineering Technology Com- 
mittee. This committee became a standing committee 
on October 5, 1964, Since that time, it has established 
a basis for accrediting technical institute type pro- 
grams, now designated as programs in engineering tech- 
nology. The policies, methods of evaluation., criteria 
and procedures established, by the Engineering Technology 
Committee to evaluate these programs are included in 
ECPD's annual publication. They parallel those estab- 
lished by the Engineering Education and Accreditation - 
Commi tteef , 

ECPD has' distinguished betweei^ engineering and engineer- 
ing technology in its definition of engineering tech- 
noloay. According to ECPD, 

\ ^ 

"Engineering technology is part of. a continuum 
extending from\the craftsman to the engineer. 
Located nearest the er^ineer, it requires the 
application of scientific and engineering prin- 
ciples in support of engineering activities, 
■ The support is given whether or not the engi- * 
neering technologist or engineering technician * 
is working under the immediate supervision of the 
engineer. The term "engineering technician" is 
applied to the graduates of the associate^ degree 
programs. Graduates of the baccalaureate'' programs 
are termed "engineering technologists," 7/ 

ECPD-accredi ted- programs in engineering technology 
inclucle those offered by ^institutes , community col-, 
leges, colleges of technology, polytechnic colleges, 
divisions of colleges and universities, and proprietary 
schools. 
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Although companies often employ graduates of these ~ 
. programs as engineers, they are not fully accepted 
\or recognized by many practicing engineers asVeirw 
^«Wivalent 'to graduates of Bachelor of Science in " 
engineering, programs. Additionally, many state en- 
gineering registration boards do not recoanize this 
four-year degree. as satisfactorily meeting the edu-' 
catTonal requirements of state licensure. In Cali- 
fornia, the State Board of Registration does not 
VI ^ engineering techno! agy education programs as 
equivalent to engineering education- programs . An 
applicant for registration may obtain four yea'rs of 
experience credit toward the six-year requirement 
by completing an. ECPO-accredited engineering. Bachelor 
of Science program. However, applicants can only 

cr2n*"° ^®^r^ °^ credit for experience by completing 
an ECPD-accredi ted engineering technology baccalaureate 
program. 

c. Summery 

■ ^^^^^L.^ private organization supported by funds from 
Its member organizations. These include NCEE and ' 
numerous engineering technical societies. One of the 
organization's principal functions is to accredit 
'engineering and engineering technology education/pro- 
grams. The accreditation .standards used are broad 
and often supplemented by crijteria formulated by en- 
gineering technical soc^ties represerfting particular 
disciplines. The accreditation guidelines do not in- 
clude minimum credit-hour requirements. 

ECPD is the single. most effective mechanism for initiat- 
ing changes in engineering education.- ,I.t has attempted 
to increase the involvement of practicing engineers-fn 
the accreditation process. However, the oraanization is 
dependent upon its member societies who usually nominai^ 
educators as their representatives (although an effort^ 
is made to select individuals with varied backgrounds)!^ 

Hiring. Promotion, and Tenure. Evaluation • 

Significant attention has been given to the structure of the 
curricula for engineering education programs in p^t studies. 
(See Appendix C.) However, t)ne of the greatest influencina 
factors in the entire educational delivery system is the " 
faculty, and faculty "set", or profile which plays a major 
role in the tlirection of both course content and -presentation, 
Set is established by previous experience, habits, bias, 
education, and degree level, and the unique emphasis which 
each institution exercises over its total educational program. 
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A survey among the faculty. of the^ major engineering 
schools in California was conducted to determine their 
attitude on some of the major issues involved in hiring, 
promotion, and tenure* Some of the principal issues in-^ 
.vesti gated were the academic degree level of the faculty, 
the emphasis the faculty and institutions placed on de- 
grees, engineering practice experience, teaching, and 
basic research* Responses on '^tenure, hiring, a|Td pro- 
motional* policies were also compiled* A detailethpre- 
sentation of this survey and the findings are preisented 
in Appendix B* 

The survey indicated that a high percentage of faculty 
.members possess doctorate degrees. It also indicated 
'that there is a difference in emphasis placed upon teach-" 
ing, experience, and research by the different institutions. 

a* Faculty Education Background 

Over 97 percent of the resppnding faculty indicated 
that they possessed doctorate degrees. and that they 
felt this was important. Interestingly, almost 50 
percent of these degrees were granted by five edu- 
cational institutions in the United States. Of these 
institutions, Stanford University ranked highest with 
16 percent of all the degrees granted. 

b. Faculty Engineering Practice Experience 

According to the survey, 98 percent of the engineering 
faculty had some engineering practice experience, 
reporting an average of 13.2 years each. The Univer- 
sity of California l^ulty reported having an average 
of 14.3 years; Califotoa State University and private 
colleges and universi ties\eported 13.1 and 12.2 
years, respectively. 

Thes^ figures'*' may be somewhat misleading, since faculty 
members were inconsistent in their responses. It was 
apparernxthat some faculty members Counted part-time 
consulting activities, with their academic responsi- 
bilities, on a full-time equivalency basis. For 
example, a faculty member with 14 years of academic 
experience, including some consulting activity, might 
have indicated 14 years of engineering practice experience. 

♦ 
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Hiring Practices ' _1. 

Faculty hiring Isdone through a" review process * 
involving tenur(ed faculty and school ^dmini strati on. v 
Adimmstrators usually make decisions based upon 
recomnendations made by committee members 'who are 
usually tenured. 

« 

Faculty members were asked to rank, in order of im- 
portance to their schools, nine possible hiring . 
. criteria. Respondents from the independent colleges 
and universities, and the University of California, 
indicated that the doctorate degree was the single 
most important criterion. Research "was second in ^ 
importance. Respondents from the Cal iforniaN^-tate 
University and Colleges ranl<ed erfgineering experience 
the highest and thq doctorate second. The majority 
of ai; the respondents ranked teaching as third in 
TmpoVtance followed by publications. By no means 
were these rankings unanimous, and variation existed 
between schools in the same system. 

Tenure Evaluation and Promotional Review - 

It was the opinion of 63 percent of the surveyed faculty 
that in the review process the emphasis placed upon 
research, teaching, and public service was influenced 
by the composition of the review committees. It was 
felt that, the review process gave priority to-teaching 
and research and did not recognize the importance of 
public service. The data in Appendix B shows a split 
in attitude on these issues. Opinion as to the value 
of involving practicing engineers on review committees 
and on the issue of student involvement in the process' 
was also split. Non-tenuredj faculty were most favorable 
to the involvement of practicing engineers, and 83 per- 
cent of both tenured and non-tenured respondents if el t ^ 
that engineering faculty were adequately represented. 

In exploring the issue of basic research versus applied 
research, a majority of the faculty respondents .felt 
that the review process favored the former rather than' 
the latter. * 

Engineering professors were asked to rank research, 
teaching, and public service by tha degree of- 'emphasis 
that each was given in their departments in promotional 
and hiring practices. The results of this inquiry 
showed the basic differences in the three segments of 
higher education. Respondents from the University of 
California strongly indicated (86%) that the ranking ^ 
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order was research, teaching and public service, 
contrasting the ranking given by. the respondents 
from the California State University and Colleges 
and private schools. Public service, research, and 
teaching were ranked in that order of emphasis by , 
59% of the CSUC faculty, and 68% of the faculty fnp 
the private schools ranked teaching first, with re- 
search and public service followina. 

e. Attitude Toward Tenure ^ 

The attitude of faculty members toward tenure was 
evaluated on the basis of the benefits and detriments 
they felt were associated with the system. Most often 
academic freedom, or freedQiTio| expression without \ 
threat of reprisal, was ^.altMasthe primary benefit. ' 
The principal detriment of the tenure system was idenr 
-tified as its tendency to support and retain nonpro- 
ductive faculty members. (See Appendix B for related 
responses.) 

Tenure is an emotional subject and can polarize members 
of a faculty. The faculty tenure system is paralleled 
in both private and public sectors. While these 
systems were created to give employees job security, 
complaints about them concern similar issues. The 
basic concerh -of the hiring, promotional and tenure 
systems is whether or not they provide incentives which 
encourage innovativeness and creativity tojenable fac- 
ulty to relate their specific subject areas to engi-, 
neering as -a realrlife experience. A faculty oriented 
in this manner will best serve the ^Tgiys^of th.e students, 
the practicing profession, and society^s a whole. . 

Undergraduate Engineering Curricula 

a. Required Curricula 

Periodic concern by the profession and others over the 
relations hi p*"of undergraduate degree programs to the , 
practice of ejigineering Jave resulted in numerous 
^ studies. This section discusses the curricula content, 
of sjBveral of the technical mijors programs of seven 
engfrretering schools in California. The "fields otf 

•understanding," which contain the interrelated parameters 
of engineering practice, were used as a basis^or cur- 
ricula .efxamination in the following schools- which were 

'selected to provide a cross, section of California Bache- 
lor of Science Engineering programs. 8/' Selection cri- 
teria included size, geographic locatTon, typie of school. 
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accreditation status, ahdorograrn orientation. 9/ 



University of California, Berkeley (UCB) 
• University of California, Da\Ms (UCD) 

California State University,^ Wl»tes^ (CS'IJSJ) 
^ California Polytechnic State Universfty, 
San Luis Obispo (CSUSLO) • X/ 

California Institute of Technology (CALT^Hii 

Univers-ity of Santa Clara 

West Coast University ' ^' . 

Time and financial constraints of the project did not^ 
permit the examination of two-year engineering related 
programs offered by the Community College system, ' 
Future studies should evaluate this system' and* its 
effect on students who have received an associate arts 
degree and have transferred to a four-year college 
or' university to complete the bachelor of science degn 
in engineering,, 

ECPD lists (p, 27, ECPD 43rd Annual Report) 27 engi- 
neering p^rogram discipl'ines in CafVifornia. These are: 

^ Aeronautical Engineering 
Aeronautics ' • 

Aeronautics and Astronautics 
Aerospace Engineering 
Agricultural Engineering 
Architectural Engineering 
Ceramic Engineer ing.- 

Chemical Engineering / ^ 

Civil Engineering 

Computer Ejigineering . , 

Electrical Engineering 

Electrical and' Computer Engijieering 

Electronic Engineering ' ; . ; 

Engineering - ^ * 

Engineering Materials , " 

Engineering Science 

Environmental Engineering - 

Industrial .Engineering 

Industrial and Systems Engineering 

'Industrial Engineering and Operations Research 

Mechanical Engineering 

Metallurgical Engineering 

Metallurgy « 

Ncival Architecture - / 

Ocean Engineering . , ' * 

Pe,troleum Engineering ' 

Sanitary Engineering ^ 
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To provide- an overvievT'of engineering program content, 
four chemical, five civil, six electrical, and six . 
mechanical engineering programs were examined* The ' 
course descriptions found in the 1974-75 catalog 
of each school were used to classify required courses, 
"Specific course requirements" 10/ were categorized 
•according to the "fields df understanding," ^Elective 
course requirements were classified as "technical ," ' 
"nontechnical," or "unrestricted? " TV . " ' 

Laboratory classes, examining only physical phenomena, 
were classified as physica.1 science or engineering 
science courses. However, if such a course had "a de- 
sign or applications component, it was placed in the 
design/application category. 

The data indicated that four different predtt -hour 
systems were used: the quarter system' was used at 
UCB, UCD, and CSUSLO; the semester system was^used at 
CSUSJ and West Coast University; the unit system was 
used at the University of Santa Clara (one unit per 
course; 44 units to graduate); and th^ unit system 
based on each hour per week spent working on a course 
(one unit per one hour of course work) at CALTECH 
(516 units were required for a BS in engineering) , 

Cumulative results from^the investigation of the seven 
institutions and four disciplines^stucjied are summarized 
below, A more complete summary of the findings can be 
found in Tablj^s 4, 5^ 6, and 7 immediately following, 

(1 ) Technical Course Requirements- 

- Required physical and 'engineering .science 
courses ranged from.43'to 79 percent (average 

' 57 percent) of the total minimum requirements 
for a bachelor of science* degree,' 

Design/application^was the next most "significant 
area of concentration, Courses in this' category 
ranged from 2 to 18 percent of the total n\inimum» 
requirements. Seventy percent of the arograms 
examined ^evoted less than 10 percent of their 
cQrricul a 'requirements to design/application 
courses, .(Note: ' This 10 percent figure may be 
mislead'ingly high. If a course had a desigp or 
applications component, no matter how small, 
it was class^ifi?d as destgn/application,) Few, 
if any, courses encompassing tiie other "fields of 
. understanding" were- required, but were available 
at the student's discretion. 
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' TABLE 6 

^ CURRICULUM EVALUATION 
• CIVIL ENGINEERING REQUIREMENTS 
(From 1974-75 Catalogs) 



1/ The total listed in the catalog, isn34-li8.. To obtain this total/c E- 112 

counted twice. The actual totaV is thus 131-135', if C.-E. 112 is counted (cont'd, 
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only once, 

oi 

2/ The CALTECH engineering and applied scierrce option is examined here. 
Bachelor of Science degrees are granted in engineering and applied 
.science, but are not offered in specific disciplines other than 
chemical engineering, students may, however, 'choose to specialize 
in any of the following areas: aeronautics, applied -mechanics, 
communications and control, computer science, electron device physics,^ 
electronic circuits, environmental engineering science, fluids 
engineering and jet propulsion, mechanical behavior of materials, 
mechanical design, physical metallurgy, structural and soil mechanics, 
structures and properties of aTloys. (A Master's degree is offered 
and recommended in chemical, civil, electrical and mechanical 
engineering.) 
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' CURRICULUM EVALUATION * 
CygMlCAL ENGINEERING REQUIREMENTS 
. (From 1974-75 Catalogs) 



y A student coul^i chobse to take 24 units of technical electives and nine units, 
of unrestricted eleatives. 

i '° -88 :. ■ 



2/ -The minimum units requirement found on page 46 of the 1974-75 UCB 
general catalog is 180 units. The requirements found in the 1974-75 
UCB College of Engineering catalog total' 183 units. 
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(2) Ethics 

Although ethics was a required component in-only 32 
• percent' of a.ll the programs reviewed, it never con- 
stituted morevthan 2 percent of .the total unit 
requirements (usually one course). The following 
programs required such courses: 

K One out of four chemical engineering prografhs; 

2. Three out of six electrical engineering pro- ' 
grams ; . 

3. One out of five civil engineering programs; 
and . • . , 

4. *rhree out, of six mechanical engineering 
* programs . - " 

(3) Copiunication Arts ' * ' 

Sixty-eight percent of the engineering programs 
required a course. In communication arts, but never 
- constituted more than 5 percent of the total unit 
requirements. 

(4) Program Flexibility 

' Program flexibility varied substantially: 

The numlj^r of technical electives engineering 
students wer§ required to' take ranged from - 
'0-21 percent. 

2- The number of nontechnical electives engineer- 
ing students were required to take ranged 
from 0 - 30 percent. 

•V « 

3- The number of unrestricted electives engineer- 
ings students were required to take ranged from 
0 -13* percent. , 

- Possible design/application content .❖aried as 
a function of the number of technical and un- 
restricted electives required and the number 
of such courses offered. 

> 

- Humanistic and social content varied as a ' 
■function of the number of nontechnical and 
unrestricted electives, required. , Thus, this 
content varied from 11 to 36 percent of total 
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program content depending upon the' program *s 
flexibility. (The average was slightly less 
than 20 percent.) 

(5) Life Science 

Only one schpol (out of the seven schools examined) 
required a course in life sciences. 

(6) Unit Requirements 

Most engineering education progratns require^ . the 
equivalent of 18P quarter units or 130 semester 
Credit hours. California State University, San 
Luis Obispo, was the most notable exception, re- 
quiring 200 quarter units for a Bachelor of Science 
«.in 'engineeri(!^g., . ' . • 

(7) Summary ' ^ ^ 

Bachelor of science degree- course requirements 
varied substantially from discipline to discipline 
and institution to institution. The gre^l^st pro- 
portion of required courses. were usually in the 
engineering and physical sciences. Only a very 
small percentage of the total course requirements 
were devoted to design/application and communica- 
tion arts. Moreover, very few courses were required 
in the remaining "fields .of understanding." * (For 
example, most programs dijd not require a course in 
ethics.) But, by carefully selecting electives, 
students could acquire an exposure to,, and aware- 
ness of, most of the "fields of understanding." • 
The extent of this exposure would, however, be 
limited by the credit-hour requirements for a 
bachfelor of science degree. ^ • 
. . - ./ 

Elective Curricula 

The review of required curricula revealed that pT;Q(gram 
flexibility varied subs tartti ally from campus to campus * 
and discipline to discijJline. Even so, the flexibility 
provided on Ihost campuses was such that the student 
could obtain classes in most of the "fields of under- 
standing," if he chose- to do so. To determine whether 
students were actually choosing elective classes' 
that would provide some exposure to the I'fields of ^ 
understanding," depersonalized trans'cripts 12/ of 
engineering students^ were examined. 
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An initial sampling of depersonalized transcripts was 
obtained from the University of California, Davis, t;o 
determine the feasibili ty^of reviewing them, ^d" to \. 
ascertain the^degree of emphasis placSd upon each^ 
"field of understanding" in engineering education. 
Although, the .complete, transcripts of students who had 
transferred from one institution to another were dif- 
ficult to obtain, the results of this preliminary 
survey indicated the feasibility of transcript review 
and analysis. 

Subsequently, transcripts were requested from 'the six 
other institutions whose catalogs had previously been 
examined; These institutions were: 

University of California, Berkeley (UCB) . ' 
California Polytechnic State University, San-' 

Luis Obispo (.CSUSLO) 
California State University, San' Jose (CSUSJ) • • 
Santa Clara University * 
. Ca 1 i fornfa Ins ti tut e of Technologv~[ CALTECH) ' 
West Coast University ' 

UCB, CSUSLO, Santa Clara University and West Coast 
University sent the requested transcripts. 

Transcripts of students who had not transferred .into " 
a, specific institution, , but who' attended. for the full 
four-year program, were, also exantined. 13/ ^' ' 

Utilizing course descriptions found in-"^each school's 
catalog, the courses listed. on the "individual transcripts 
wer<e"classifi^ according to the "fields of understanding 
Where doubt existed as ta how a course should be classi- 
fied, the Course description was "liberally interpreted" 
to maximize the indicated breadth of the student's 
education. 

This analysis produced some interesting results. Endi- 
neering studepts were notfexposed to many of thg "fields 
of understanding" involved in. engineering projects un- 
less professors discussed concepts from the nontechnical, 
fields of understanding" in classes taken by them. 
(See Figure 4.) Howfiver, discussions with enaineerirfg 
students indicjated that nontechnical concepts 'jyere 
rarely discussed, in technical classes. (A suimiary of - 
student interviews is presented later in this chapl^pr.) 
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Several observations can be made from Mgure 4, . 
impedla^ely following, which represents the breadth 
of the educational experience for those students 
whose transcripts were reviewed in this study. Only 
one of, the 89 transcripts examined included a class ' 
in each "field of understanding." Eighty-one percent, 
of theTbudents did not take a class in at least four' 
of the 13 "fields,** and 16 percent of the students 
did not take a class in at least seven of the "fields* 

The emphasis placed on each "field of understanding" 
is.sumnarized in Table 8,^^11 numbers found in this 
,chart^ are»expressed as percentages* The number above 
each "^cii agonal 'is the mean percentage indicating tfre 
avef*age emphasis *placed-upon a "field." The number ' 
below each diagonal indicates the range. The fy||t; 
number is the lowest percentage of classes ta^cefnir 
the field; the second ts the^highest taken in the 
"field"' for that group of transcripts. If the two. 
humbers^are the same, each student in th at gro up had ^ 
"the same number of courses in that 'Tield of jon'deK- 
standing." • ' \ 

When this analysis was conducted, humanities and. 
history were" considered one field. Consequently, only 
thirteen fields are ^listed 'in: Table 7. ^Tfjese "fields" 
were subsequently separated. 

The bottom categor^y, "intelrdisciplinary studies," 
-refers to courses w^ich integrated- l^o or more "fields 
of understanding.", 'I f^-a student .had taken a substan- 
tial number of. these courses, his exposure to the 
"fields" my be bgroader than indicated by the figures 
corresponding to .the thirteen "fields." ' * 

Unlike the other Colleges and universities listed in 
thjs table,- West Coast University has no engineering 
program accredited by ECPD in their. 43rd Annual 
Repo rt XwAdd i 1 1 ona n y , it has a fixed curriculum-- 
all courses are reqilired; there are no electiVes* 
Averages ,of 'all schools ane shown botli wtth and with- 
out the figures from West Coast.' . As can be seen, 
the 'results were rfot significantly changed when the^ 
transcripts from West Coast University were exaimineld 
separately.. * ^ 

Those students receiving a bachelor of science degree 
from an' ECRD-accredited education program took classes 
mainly in the physical sciences, engineering Sciences 
and in design/applicatton. On' the average, 62 percent 
:of their ^jrricula was devoted tp ()hysical and en- 
gineering sciences, ^hile design/application, courses 
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TABLt 8 



-PERCtNTAGr AND RANGE OF CURRICULA IN EACH PROGRAM DEVOTED 
■ . TO EACH "FIELb. OF UNDERSTANDING" * 
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NOTE; All f^gures^are percentages of the total curricula. Figures above the diagonal are averages; 
' '.figures below' the diagonal indicate thfe range. . ^ 



averaged 11 percent of the curripula. ' The percentage 
of students who took 'a class in the other ten "fields 
Are suninari zed below: . " * 

Law 17% Management' ' 53% 

Life Sciences 23% Behavioral Science 67% 

Ethics 27% ~" Communication Arts 82% 

Pol iti car Science 39% Econdmics 82% 

Engifieering . 44% Design/Application 90% 

Techno loay " • • • , 

A high percentage of students did not take a course in 
law, ethics, pofftical science, engineering technology 
or management, .although these classes were usually 
available. ' 

^ Summary * % 

Engineer>ng education is faced with a djlemma- How can 
. jt best provide the basic principles of engineering and 
science,, together with some exposiTre to the humanities, 
within a fixed period of time (that is established -for * 
reasons other than educational purpose) and yet prepare, 
engineers for the "macro" nature of engineer tng^ractice 
in the field? * - * / 

Results of this >study indicated that, first^ ^'ung'engi- 
rteers are given a strong basic foundation in mathe- I 
ma ti cs , .science, and engineering science* Seqond, al- 
though universities have many other courses available 
in the non-scjence/non-technical a^eas, statistically, 
engineering Students do not take these courses. Third, 
engineering education presented in subject-form rather 
than project-form, provided littje stimulus for the 
student to tie the .various courses togetiier in the" manner 
that constitutes engineerijig practice in the.field. 
v^ourth, thisJ^study indicated that/the hi ring,, promotion^ 
and tenure prdceSses tended to favor basic research 
rather than applied scientific endeavors and finally, 
many faculty menfcers lack the industrial prattice neces-^ 
sary to rebate, first-line experiences to. their students 
as par|l of their regular- course' content. 

Under these pr.esent fcircumstaace's , it is'tiighly unlikely 
that engineering stildents will ,l)e exposed to fields such, 
as law, life sciences, ethicSj'^^olitical science, and 
management. Yet, these fields can be paramount .in. the 
practice.'of engineering und^r the p res erif 'social con- 
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* * 

straints of public policy. Every nanufactuced product 
, 'must now be examineH from a liability standpoint (law). 
Every civil engineering project must begin with the 
analysis of the effect of the project on the existing 
and projected natural life systems. The professional 
responsibility of an engineer to society with a hyper- 
sensitivity to the protection'' of 'heal th, safety, wel- 
fare, and good are concepts of a professional code of 
ethics, but few engineering Students are either aware 
of such a code, nor sensitized as to professional 
responsibility. Fina-lly, the integration of basic 
scientific information, materials, processes, manpower, 
resources, and finance into a project is keystone to 
engineering practice, and yet 'this Tield, "management," 
is rarely a- part of the engineering student's educational 
experience. 

Many learned individuals in the education element of 
the engineering, profession s1:ate that there is an in- 
tended role-separation between engineering education 
and engineering practice, that primary responsibility of 
engineering education is to/ provide the basics in science 
mathematics, and engineering science. Some also state 
that the university need npt teach engineering technology 
at all. According to the scenarsio, technology becomes, 
quickly outdated; • howe\Aer, 'the basics remain the same.' 
' The current assumption is ^that engineering technology 
and the nontechnical fields of engineering practice will- 
be picked up through engineering experience and continu- 
ing education. 

The following section presents an overview of the sub- 
jecli of continuing education as it relates to the overall 
engineering educational experience of engineers. 

Graduate and Continuing Education , - 

For the one hundred years prior to^ World War 11^ engineering 
developed through an evolutionary process. With a college 
background and with experience attained through engineering 
practice, an engineer was able to perform reasonably well for 
the duration of ajiormal career. From about 1870.^n, ad- 
.van'ced degrees were given, but only a small fraction of 
engineers was involved in graduate or continuing education 
up to the time of WoFld^War II. The revplutionary pace of ' 
development in the ensuing years gave rise to the concept 
of "the half-life of an engineering education"* (about 10 
years, perhaps less). Part-time jnaster's degree programs 
were developed at almos.t all urban engineering school^s, 
and hordes of engineers employed in advanced technological 
industry pursued advanced degrees in conjunction with 
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. theiV company employment (generally on' a cooperative 
basis allowing about 24 hours of work per week) together 
with sufficient graduate^ study to yield the. M.S. degree 
in two calendar years. (This is the formula of the Hughes ' 
Aircraft Company, the national leader in dev^opment of 
part-time graduate study for its employees 

Graduate study, from about 1945-65, was frequently a "means 
of bringing the engineering graduate (often several years 
out of school) up-to-date in his field. Then the concept of 
continuing education was conceived, and the Continuing .. 
Engineering Studies Division of the American Society for 
Engineering Education was established.. A delineation of 
tenns was essayed, which stil,l provides the basic guidance 
of toda'yf 

^ • . •• 

Graduate education upgrading requires academic admis- 
sion, and takes plac«-where and when graduate faculty 
see fit to teftch, general ty on campus and in daytime ' 
programs . • - • ' 

Continuing education is updating , is open to alb 
engineers desiring the. information, and takes place - 
where and when students can 'be gathered, commonly 
in off-campus centers and often in-plant. ' Xeachers, 
as the best qualified to teach current and ^vanced • 
practice, are frequently drawn from the ranks of 
industry and practicing professionals.' Continuing .' 
education also irfcludes divers ifyijig . as. when the 
civil engineer engaged in the electric power field 
learns more about- the electrical and mechanical 
sides of the power industry, and broadening , as when 
the engineer gains management skills as well as -cul- 
tural enrichment. 

The engineer's fleeds for continuing education vary con- 
siderably during a normal career. It is often said- that for 
the first terf years,. he- needs more technical inform;ation 
and problem-solving methods; for the -next ten years, he 
needs leadership training, business economics, etc.; for 
the next ten^ears, he needs upper management skills dealing 
with labor unions, etc.; and for the next ten years, he 
wants more in-depth philosophy, literature, music and art. 

•While it is accepteci that a formal edflege education is a ' 
basic prerequisite to the professional practice of engineer- 
^n9»4by no means is there a concurrence on how continuing 
education is besf acquired or how uniformly it is needed. 
For the engineer who plods along at the same job year after 
year, lacking aspiration to move up the ladder, there is no 
motivation for an aggressive formal program of continuing 
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e(Cication, The engineer at the other end'of the spectrum, 
tfi?<iynamic self-starter, continuously on the go and int/o 
mw things, is always one step ahead of. formal continuing 
etiuca'tion and is thought of as best ipaking it available to 
others. For the great majority of engineers between these 
j)tremes, however, graduate and continuijig education re- 
present critical opportunities for personal advancement 
arid renewal / , * ' ' 

• , Graduate Education 

; Graduate educatiorl is more precisely documented and' 

* controlled than is continuing education. Annual pub- 
lications of the Engineering Manpower Commission of 
{.the Engineering Joint Council and the ASEE'«pr6vide 
Xs.tatistical summaries of enrollments and degreed 
^Xgranted at all levels of engineering educatiori^'from 
.'engineering technology programs' up to the-Doctorate 
•and Doctorate of Engineering. The national -output of 
M.S.^ degrees ♦n engineering is roughly one-half pf 
Jthe*B.S. output. A- large numbe^^of graduate students, 
" as noted above, are sponsored by'their employe*Js on a 
/•part-time basis, with all fees apd booj<s covered, as 

)f^e^^ as cooperativB time allowed to pursue the study, 
Employers have testified that this investment in'edu^ 
t.ation is good business when compared with the alteFna- * 
' ^tjv^ of recruiting M,S, graduates at higher'sa^ries, 
are subject to conventional attrition Iqsses, 

.'Engineers working for smal ler companies, and. in loca- 
tions distant from tiniversities, have a more limited 
-djpportunity to pursue formal graduate study. It is 
i^ometimes stated that for a company in advanced teCh-» 
' [oology to be successful, there must be the opportunity 
for engineering employees to pursue graduate study, 
even if totally on their own time and expense, 

tt is safe to say, howeveV, that approximately half of 
" ^today's .engineering graduates wtlT not be taking sig- 
nificant amounts of graduate study in their working 
dareers/ This proportion is of consiciprable impact 
it) light of the extent to which the content of the 
undergraduate, program has concentrated dn fundamentals 
e(t the expense of specialized engineering subject 
mjfterial. No matter what the philosophy of the engi^ 

• hefering. education studies of the '-SOs and I60s, at least 
half of the B,S. engineer^ing population is not taking 
material formerTy, included in the undergraduate curriculum 
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b. Formal .Continuing Education 

Continuing education is -offered by (a) university 
extension programs, in ^conjunction with recognized- 
schools of engineering^ (b) government and industry 
-providing in-plant training programs for employees; 
Jc) newly formed continuing education units of profes- 
'^sional and technical societies, offered as membershifP 
services; and (d) entrepreneurial organizations. All 
* except (b) of- the above generally publicize. their 
programs, ^ ^ 

Sonfe of the best continuing education programs for 
engineers aref given wi'ttiout examination, grades, or 
•^^ other opportunity to eyaluat^ the student's progress 
or comprehensidn/ These are primarily the short courses, 
given in periods of from three to ten days. The fees 
are high, on the order of $100, per day, and it is gener- 
ally 'constaered that if a company sponsors that kind of 
expense,. the student w^i 1 1 find something' useful in the 
course, ^ 

(1) The Continuinq^^duCation Unit i ), 

Q i 

The Continuing/ Educatjonl'Unit (CEU) is a device, 
^ ' now gaining wide acceptance, which' will greatly 

enhance the opportunity of measuring the involvement 
of the American engineering community in continuing 
education. The CEU Is given for ten hours of par"- ' 
ticipation ,in an* organized continuing education 
experience under responsible sponsorship, capable 
direction and qualified instruction. It is envisioned 
that there will eventually be one national data 
bank in which each engineer will have a CEU account. 
For whatever purpose, census, studies, or qualifi- 
cation for renewal of professional license, etc.; it 
will be possible to know-the continuing education ' 
involvement. for any individual pr group of individ- 
uals. Tor any pertotl of time. ■ With the growing 
antipathy toward release of personal record informa- 
ti-onAhowever, it may well- be that the national data 
bank idea could serve no more than a personal purpose 
for the individual .'i In any event, industry regards 
the CEU skeptically as it does W inherently repre- 
'sent an evaluation of the individual's involvement *' ' 
in the program.' As One training director has put it, ' 
"there is much less in the CEU than meets the eye." 

(2) Continued Education Participation ^ 

Lacking information, the extent to'which practiring 
engineers participate, in continuing education; can 
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^ofily be slirfnised, < The American Society of Civil 

Engineers is currently undertaking a comprehensive ♦ 
' study of its membership to determine the extent of ' 
participation in continuing education programs* . 
Other organizations are conducting similar stud'ies 

^ from 'time to time, byt profesjsionaV society member- 
ship represents only 'about or^e half of the United 
States engineering population and is not represen- 
♦tatlve* hn fact/ some 0*6 million whp call themselves 
engineers are not members of any engineering society, 
yet they comprise approximately half of the eYigineer- 
ing population In the United States, It is almost ^ 

' certain that, this same half has but scant engagement 
in continuing education 'programs, perhaps because 
continuing education i^ seldom a reqytreme'nt for 
job retention/ot advancement, JurtJjermore, attempts-' 
to specify continuing education as a requirement for 
renewal of engineering registration have met strong 
opposition from the profession, 

It*is increasingly understood that advancement in ' 
engnneering^employment, especially in the public 
sector, does not relate- to continuing or graduate 1 
education or other formal qualifications. Rather, 
it relates to demonstrated cojnpetence on the job 
which is ev^ more difficult to evaluate than per- 
formance in e( continuing educatijOn program, .Perhaps 
in' five to eight years, graduate and' continuing 
education win again become critical factors for . 

. advancement and/or for continuance. of employment 
Mn a competitive society. In private practice, 
where competition is a way of life, education now 

' has that importance, • ^ • 

(3) Summary ^ ' ' 

* ^ 
\ Graduate and continuing education are reaching an ■ 
estimated ^half of the engineering population. This 
^rame half 'are probably members -of engineering 50ci- 
*eties and probabl>y constitute more than half of the 
, gfaduates^ with B,S, in engineering degrees. These 
engineers', also, are presumably in lefadership positions 

The remairfing half, a cadre of perhap/*a half million 
or more engineers, are simply not partici-pfating for- ' 
mally in continuing or graduate education. Some may 
follow personal study programs in readinq arid liter- i 
ature but are^n fact dependent upon their under- 
graduate engineering education to provide for their 
' long-range job performance and professional development 



' 102 



It IS imperative, thereffti^, that this undergradu- 
»te education be designed to meet total career 
t needs. . / ' ■ 

Interviews " ^ 

< 

Many of the elements which determine the overall qoa-lity of • 
engineering education have been examined previously in this 
sfeQtion: Throughout the study, students, faculty and employ- 
ers g£^,ngineers were. interviewed to obtain their impressions 
of engineering education and its ' relevance to their ne?ds 
and the needs of society. The interviews were designed? to • 
examine curricula, tenure, cburse content, accreditatioji and 
continuing education. The opinions and observations gathered 
are presented in the foUowing section. 

a. Employers of Engineers ' 

The manufacturing- industry represents nearly 50 percent 
of the engineering job market, and its need for graduate 
engineers varies widely 'in terms- of quantity, type, 
discipline, and 'the, nature of assignment. What >is in- 
dustry's attifucje. toward engineering education?" Does 
industry consider current engineering education adequate • 
to meet its needs? Should engineering education be sen- 
sitive to the industrial need for engineering graduates ^ 
to have b»?oad flexibility to enter into any type of 

. practice? What type of capability, orientation or under- 
standing should graduates possess for immediate* produc- 

.' tivity to an employer? How important is the institution' 
fromwhiqh the engir|i.eer graduates, or the grade -point 
average he has maintained during his education process? 

An assessment of *the position ,of industry on the issues 
of engineering education is complicated by the fact that 
the needs of industry vary not only from industry to in- 
dustry, but also from time to time within a single company 
Enployee responses may also reflept a position different 
from fo«nal ^company policy. 

» ' 

In Appendix G, the results of' an industrial survey ques- 
tionnaire are presented. An unstructured inter:yiew 
technique was used to permit freedom of discussion 'with • 
industrial leaders and representativesNof donipanies which 
produce a broad range of products. Data was also obtained 
, from cofference presentations on engineering educati^OfT. 

Representatives from four major high technology companies 
in the State of^^ California (McDonald Dougtas , Hughes 
Aircraft, Litton Industries, and. Aerojet Liquid Rocket ' 
Company) were interviewed. McDonald Douglas is principal- 
ly involved in the development. of aircraft, both military 
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and commercial, Th6 division of 'Hughes Aircraft inter- 
viewed concentrates its efforts in the electronics 
field. Litton Industries is involved in commercial 
products, as well as systems 'for the federal government, 
and Aerojet Liquid Rocket Company is involved in a broad 
range of advanced technology systems ranging from space 
propulsion to isotope-powered artificial heewrt pump 
research. ^ 

the presentation of these findings, should not be con- . 
strued to represent a concensus of industry in general, 
although there was a high degree of agreement among 
the individuals interviewed on many of the issues, 

(1) Industrial Considerations , • - . 

The industrial environment and the demands of the 
competitive marketplace establish the needs of 
industry for. certain elements in engineering edu- 
cation. Some of these elements were identified as 
f ol 1 ows : 

(a) Since many engineering projects have far-reaching 
implications or even global consequences, com- 
panies need engineers who can deal with problems 
on a "macro" level* , 

(b) Since most engi<neering problems are multidis- 
ciplinary rather than unidisciplinary , future 
engineers will need to have a greater under- 
^standing andjjisjght into more engineering 

• discipline , 

(c) Industry needs ^ryjineers with well-rounded systems 
capability who can perform within a set of; in- 
dustrial and environmental constraint^; 

(d) Since the answer *to many engineering problems 
involves the trade off of many parameters, en- 
gineers must be able to conceptualize and inno- 

^te under noriprecise problem cor\ditibns, 

(e) Since industry undergoes constant change in response 
to technology arid market requirements, engineers 
imist have great adaptability% 

(f) To shave an appreciation for the problems of their • 
employers, graduate engineer^- should understand 
business administration, . 
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(g) High technorogy industry is particularly con- 
cerned with the technical half-life of the 

r' engineer. 

(h) A graduate engineer should be exposed to all of 
the "fields of understanding" as pan of 4iis 
undergraduate program. 

(2) Positive Points of Bachelor's Degree Education. 

(a) Newly trained 'engineers have well ^developed 
skills in the use of "the digital computer. 

(b) Indusytry has the general i|(fression that new 
.graduates ^are y.ery bright. 

(c) Graduates seem to have good mathematical analy- 
tical capability. 

(3) Deficiencies in Bachelor'^s Bgqree Education ' 

Based upon those industrial needs which they per- 
ceived, interviewees expressed concern as, to defi- 
ciencies in the B.S. degree program: 

(a) Graduate engineers are too 'subject oriented; 
the demands of industry require greater project 
orientation. 

(b) Undergraduate programs place too much emphasis 
on^sic principles, giving little attention to 
the application of* these principles in the win- ^ 
dustrial environment under the constraints '^f 
the real marketplace, 

(^) Frequently, the graduajte engineer has been exposed 
to more matliematics than he will 'ever use in 
practice. 

« • 

(d) Graduat.e engineers are deficient in. the eonmunica- 
tion arts; th€y lack the training to apply reading 
and writing skills in thfe i"hdustrial work ^31 ace. 

(e) The educational process trains the engineer to- 
solve problems witR precise answers; actual prac- 
tfce deals with problems that are not precise. 

.(f) Current graduates are unable to identify alter- 
native solutions to problems with varying. \ 
constraints. ' 
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(g) Engineering faculty are compelled tp pursue 

* basic research in order to publish' More em- '( 
phagis should be placed upon teaching with a*' 
practice orientation, 

(h) Some industrialists feel that the ECPD require- 
ments for the accreditation of engineering 
programs are too loose; that there should be / 
an increaseo'n required courses that focus on 

the ^prafctice of engineering in the real world, 

(i) Present engineering educatidn programs produce 
top many engineers who are narrow and urT&ware 
of theVorld around them, ' ^ 

(j) Computer orientation in engineering education ha§ 
'"caused new engineers to lack ^nterest in design. 

Because of 'these deficiencies in engineering educa-. 
tton, indi^try must put new graduates ^nto analytital 
and suppo-rt functions. It takes about two years 
M'n these positions before^ a, new graduate is "aboard"' 
and productive fof the employer, <» 

(4) Engineering Technology 'Degrees. 

The new degree in engineering, the Bachelor of Science 
• in Engineering Technology, has created interest' and 
concern throughout the engineering community. The 
" degree was initiated by educational institutions to 
provide alternatives for the engineering student who 
was not oriented toward the str9ng mathematical and 
basic science approach required for the regular 
bachelor of science in engineering degree. As learned ^ 
from interviews, industry apparently us^s the engi- 
neering technology graduate as an engineer, Indus - 
•trial ists feel these graduates are more attuned to the 
"real -life" practice of engineering than is the basic 
science^oriented engineering graduate, 

(5) Continuing Education 

One of the companies whose management Was interviewed 
has an extensive cjJntinuing education program conducted 
at the company facility. Prim^arily, it, is technically 
^ oriented to meet the needs of employees in coping with 
the changing technology of their jobs in the electron- • 
ics field. Coui^ses in management develCTpment are also 
taught. The company's Commitment to this program is 
extensive. 
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other interviewees f^M that continuing education . 
was a personal responsibility of the employee, that 
a company does not have the responsibility for 
"upgrading" engineers. Nonetheless, most companies 
did provide some support and stimulus for their 
engineers to become involved in programs related to 
their job assignments. . 

As mentioned under "Deficiencies in Bachelor !s - • 
Degree Education," one industry representative felt 
that engineering, gradifilses probably have more matlre- 
matics than the majority of them will ever use. 
He suggested that it may be better to spend more 
time in the undergraduate pro-am on engineering 
. practice/ and allow the engineer to pick- up the extra 
math (if Nneeded)nhrough continuing education. 

(6) Industry Recommendations . ' 

. The industrial representatives interviewed recom- 
mended a number of changes, in the undergraduate 
degree program for engineers: 

(a) Opportunities should be developed by universi- 
ties and industry'to permit representatives 
from industry to lecture to undergraduate *en- 

• gineering students as part of their formal 
programs, f 

(b) Educational institutions and the practicing 
profession should increase counseling efforts to 
better orient the student toward engineering ' 
practice. 

(c) The federal government should use Its .financial 
influence ta effect change in engineering cur- 
riculum toward, practice orientation in the same 
manner that itiised its influence to effect' ~ 
change toward basic science Jn the lateMg.SOs. 

(d) Engineering university faculty should be pefi- 
odically required to spend time in^industriaV 
practiced This experience would provide a 
better understanding of the requirements of en- 
gineering practice which they could then transfer 
to students as part of regular course material. 

(e) Engineering educational institutions'should 

\ develop general courses to expose engineering 
I students to some of the broader nontechnical, 
concerns of enrgineering practice. 

88 ' • 



107' 



(f) Industry, educational instltutlOQS, and the 
State should develop a method to bring industry 
and the educational institutions together to 
^ r^esblve some of the problems and concerns In- 
dustry has^with ^engineering education, 

"(g) The undergraduate program should be increased 
to five years with a full year devoted to non- 
technical engineering subjects, 

(h) The engineering profession should reevaluate the, 
methods used' to educate ^ojiing engineers and 
train engineer\^ng proYe^ors, ^ r ^ ' 

(i) Some of» the needs of industry in education can ' 
be incorporated into present courses, but edu- 
cational institutions^ should! develop a problem- i' 
or project-oriented .undergraduate program, ,^ 

• (j) The practicing profess^ion, through the engineering 
societies, njseds to develop a system for "real - « 
time" feedback from the industry to the educational 
. institutions. Present, methods are ineffective. 
Industry must als6 reexamine the way it is using 
engineers. 'Are engineers being overtrained for 
. ' ► the demands that .industry is making, of them, or 
is industry underemploying the .engineers? 

(k) One industry ref^resentative felt fhkt the need 
for change was so great that short of governmental 
mandate, public pol icymakers should bring more 
pressure on educational institutions,,^ 

(7) Summary - ' . " 

In. general, industry -felt that the engineering^^ 
graduate should come prepared to practice under the- 
constraints. of the competitive marketplace; that he. 
should have concern for a company's position in the 
market; and that^changes in the educational programs 
were needed to* better prepare the -'engineer for real 
life conditions. There was also the feeling that^ 
current methods, including the accrediting process, 
were ngt serving the needs of industry, 

Discu isions with Rece nt Graduates ^ 

Several recerltly graduated engineers who had been in* • 
.engineering practice for from one to three years were 
interviewed to ass ess » their feelings on the quality of 
education they received. They made th^ following general 
reflections ,^based upon the demands they ^elt industry • 
made of them: , ^ ' - , • 



(1) More insight into engineering practice should be ^ \ 

provided during basic engineering education. Some 

insight was obtained through involvement, in intern • 

programs working in research with faculty members. 

Hdwever, few engineering students had this opportunity. 

• * 

• (2) Awareness of the engineering job market should be 
increased. 

(3) There should be greater opportunity to obtain the 
necessary communication skills, 

(4) 'Class scheduling should alljw for courses in sociol-* 

ogy and psychology. 

(5) The professors'should be less subject qriented, 
t-hough it was recognized that there was a limit to 
what could be done in the amount of time allowed 
for the B.S. degree. program. ^ 

C6) The engineering graduate should -at' leas't be "exposed" 
to all of the "fields of understanding" in the under- 
graduate program. 

(7) Courses in engineering design and engineering prac- 
,tice were very important as part of the B,S-. degree ^ 

program. Also, engineering technology should 'be an 
integral part of ttie iindfergraduate program r'^Th is 
was not the caSe in many schools. 

(8) A. col lege educatiqn should not only educate for a 
job, but sijould also prepare the individual for an 
understanffin^f life ahead. . 

Summary * * ^ 

Recently graduated engineers w,et?e dissatis5Fiied with th6 
lack of counseling and training for the "real life" V 
situation they encountered and the lack of training for 
the practical application of their knowledge. 

J. ' ' ' 

Discussions with Current Students • ' 

Course prerequisites, grade point averages and general 
interest in mathematics and physical, science are a few of 
the factors that establish the profile of that group 
of high school students who enter postsecondary engi- 
neering education programs. Social and economic factors, 
summer or part-time employment, and extracurricular 
activities also affect the student profile and influence 
a student's chbfce of courses. . ' * 
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•IntervievfS and discussions^, arranged with faculty assis- 
tance, were, held with engineering students at the 
campuses" of UCD^ UCLA, antl CSUSLO, The participants 
.were generally students ^who wer4 active in campus "acti- 
vities and student chapters of engineering^technical 
societies; In the opinion of faculty, many of the p^ir- 
ticipants were outstanding students in their rfespecfive 
disciplines. . Some nonenflineering students also attended 
the discussions » which were as unstructured as possible 
to pentiit free expression: _ y^^ 

(1) Comments on Faculty ^ ^ 

Primarily, students criticized* faculty for thelfack 
of application and real life relevance o,f theirj^ 
'courses. Two separate observations contributecLto 
thfeir concern: {]) the tendency toward special!^ 
zation, and (2) the Tack of ^practice orientation. 

First, students commentecl. that faculty frequently 
guided students' toweufd^highly specialized areas, 
which became more acc^entuated through th>e master's 
and doctorate- programs. As specialization increased, 
job market opportunities decreased^ along with tt^.^ 
more limited demand l^or engineering^ services, 

•Second, students expressed concern for the lack of ' • 
•practice diftientation in faculty presentations. 
Noting that ^JifiJliirajcticaiT experience" of many pro- 
fessors was limited to research,* students commented 
that few werd able to communicate the rel.ationship 
of the theory taught in the classroom td^tlie prac- 
tipality of everyday engineering practice. 

(2) . Comifients on Curricula 

'While students believed that engineers should be 
^ broadly gducated, they noted that it would be;fm- 
possible for an individual to be thoroughly 
knowledgeable in all "fields of unglefstandlng" 
• .\* involved in engineering projects* However, students 
^did believe that exposure to all "fields" was de- 
sirable, and that additional knowledge in each. could , 
be developed later as required'^ One student com- \ 
mented that awareness was developed more b"^ talking 
wi^h people putSlde the classroom, and through 
outside reading and participation in extracurrictl- 
i^lar activities, than in the classroom,-,^ 
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Many students'^believed that their ^gineering 
educations were too theoretical. They expressed 
a desire for Sn opportunity to take more design/ 
arpplication courses. They also believed that" 
liberal arts courses failed to proyide an under- 
standing of the nontechnical aspects of engineer- 
ing projects. 'They felt that the average, en- 
gineering student w^s not developing proper com- 
^munication skills, ^n spite of. required liberaT * 
iarts courses ip these, areas; j 

^n genaral , both engineering and rtonengdneering ' 
students agreed that too few classes were designed 
for the nonmajor, and that existing classes were 
seldom adequate, •Nonengineering students found 
"overview" classes to be useless; the content was 
usually similar to technical informattan found in 
the .newspaper. The nonmajor could seldom relate 
the content of these classes to his field of 

• interest. ^ ' 

C3) Conments on C.ommunity Colleges 

Students who had transferred' from' torpmunity Colljege 
systems to four-year schools criticized the Commu- 
r>ity Colleges for failing to prepare them for- the 
engineering programs they ultimately enrolled in- 
Many transferees? were "shocked" by the amount of 

• studying required to do well in four-year programs. 

(4) Comments on Work Experience 

Students recognized the value of work experience, 
but despite thfe availability of internship programs, 
meaningful summer employment. with engineering firms 
was difficult to find. 

(5) Relevance of Engineering Education to the Job Market 

• Engineering students generally felt that as graduates 
of engineering programs, they were "fit only for- 
research on the campus." They felt that their lack 
of practical experience left them "unfit for the real 
world."'' 

(6) Summary . , , 

Students' greatest concern was the lack of practical 
a|#li cation of their engineerijig educations. They 
felt thftt courses were too subject oriented and would 
> be better taught by faculty who could relate theoreti 
cal pj-actice to actual practice. - 
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students also believed that engineering practice 
must be sensitive to the safety and environmental 
needs of ^ociety, and they questioned whether their 
educations' were adequately ^equipping ^them to prac- 
tice that belief, . ^ ' 

Researchers have pointed out that the attitudes of 
the engineer c^'ge- throughout his career. If 
engineering education were designed to meet the 
students' attitudes in later life, these same stu- 
dents would be critical their educational ex- 
perience. Interviews conducted with practicing 
engineers, recently (within five years) graduated 
from the same institutions as those in which th^ 
• student interviews were condOcted, expressed , 
opinions quite similar to those expressed by the 
current students. This may be because the students, 
interviewed were a very select group possessing a 
higher state of awareness than the average engi- 
neering s-tudent. 

What is the best balance of basic principles and 
practical application in an engineering curriculum? 
What should be-required in terms of nwtechnical 
courses, and how much technology aHd laboratory 
exposure should the student receive? Can all of 
these concerns be molded into a four-year bacca- 
laureate program within the budget constraints 
placed upon all engineering programs?- Similar 
questions have been raised for ftiany years, Stu- , 
d^t awareness .of these issues accentuates the 
need for increased consideration of these matters, 

! 

Discussions with Faculty 

In order. to examine' the importance of faculty attitude 
and orientation' in .determining the quality and content 
of Engineering education programs, unstructured dis- 
cussions with faculty members were conducted at several 
campus'^es* A summary of the candid comments is presented 
below, with the- notation that many of the opinions 
expressed paralleled data on these subjects obtained 

from other sources, 

* * . • ' 

(1 ) Relevance of Engineering Education to' Engine6ring 



A tnajority of the interviewed faculty members felt- 
that it was necessary for educational institutions 
and industry to share in the training of engineers. 
It was generally believed that to achieve a balance*. 
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engineering faculty should teaoKbasi-c funtJamentals 
and industry should teach technology. However, the • 
latter was qualified in th.at sojne applications must 
be taught in formal engineering education programs.. 

Many individuals asked that if "eng;y|pe>s were not 
treated al^ professionals , why train xnem as such?" 
Th'hs statement .stemmed from the belief that the 
professions are self-governing while engineers are * 
not; that it is more important to prepare students 
to work within a corp^Jrate structure, something 
students are not presently prepared for. 

Many educators also supported the belief ^that engi- 
neering, curricula were more research-oriented than"^ 
design-oriented; that too many specialized engineer- 
ing subjects (for which there is Little job demand) 
were being taught; and that a shortage of professors 
qualified to teach design of sophisticated engineer- 
ing systems existed. In some advanced degree pro- • 
grams, the United States has trained engineers in 
specialities for which no job market exists, and 
therefore, has become a technology importer. 

Some faculty members believed that to increase the 
relevancy of engineering education to engineering 
practice, programs should be taught using* a "project" 
rather than "subject" orientation. Further, engineer- 
ing, departments could be organized aldng problem or 
project lines, rather than 'technical disciplines, ' 

Another commonly expressed opinion was that, in . ^ 
general, engineering facul-ty were too' basic- 
science-oriented, interested in^doing obscure research 
for the purpose of publishing technical papers. In 
contrast, faculty should be, encouraged to do more ^ 
practical research, and educational institutions • 
should find some method of a^gfccting priacticing en- 
gineers to the faculty. It wl^al so. suggested that 
replacement of the tenure system for engineering fac- 
ulty with a five-year contract system would aid in 
obtaining a more representative* faculty profile, ^ 

Since public policymakers: pi ace greater emphasis on 
the social, legal, safety,, and environmental concerns 
of engineering practiQe, faculty were asked their 
opinion^on^whether these- areas were properly reviewed 
in curriculum. Some memtrers expressed concern that 
^very little was presented in the engineering curricu- 
lum on these matters. One example of this is the 
toxicity problem in chemical engineering. Students 
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:are told, "don't sniff that/'; but are f\ot sefBi- 
•:; tiled to the problem of toxic effluent discharged 

* .into the atmosphere or water. , ^' 

{2) Credit-Hour Requirements • ' / , 

. * According to the interviewed engineerlrj^g facuJty 

inembers, credit-hour requirements far a^ bachelor of. 
V tcience degree in engineering were reduced from the 
. early 1950 requirements it) response to university 
' economic and administrative pressur*e. In turn, en- 
gineering administrators stated that there was a 
nationwide movement to reduce the requirements, 
. \ partly in response to the "Goals Study" and partly 

. because of competition for students between the 

schools of both engineering and science, Departments 
/^compressed content into a smaller number of credit 
hours and included additional humanities. and social 
science classes in the curriculum for a four-year 
.degree in engineering, * 

. When the credit-hour requirements were reduced, the 
design- and application-orientBd (technology) courses 
were also reduced^ One faculty member commented, 
. "WHen th^ 'crunch' comes, where do you assign your 
jpffori%(es? One must stick with the basics, providing 
i^tudents with* a s^trong background so they can later 
assiniila.te the more applied material." He added that 
if engineering stijdents. were taught mor'e technology 
, instead of fundamentals, they would be^bs<)lete in 
, ten years . , ^ % ' 

* Consequently, as* a result of the credit-hour reduc- 
tion, facility members have, primsirily emphasized 
fundamentals, with only a lirfiited number' of design 
and applications courses.. Individuals stated that 
\ if 'resources were available, they would increase t^e 
• design component of engineering programs. Such irr- 
creases^ vpiild also require an increase 1n quarter 

• units from 180 to 194^ for a bachelor of .Science 

/ degree in engineerir\g. Faculty members were not in 
-agreement on this issue. Hany supported retention 
of the 180 quarter-unit requirement and the encourage- 
ment of students to obtain a master's degree. 

(3) Engineering Courses for the Nontechnical Students 

Many interviewed engineering professors believed that 
engineering departments have done ^quite well by 
introducing humanities and social sciences into en- 
gineering curricula. They commented that they cMd 
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not fini^a counterpart effort in other academic 
disciplines for nonengi peering majors taking tech- ^ 
nical courses. They felt that engineering educators 
might "be falling down" by failing to teach more 
nonengineers something about engineering)- Engineers 
often face "curious restraints," because people fail 
to keep what an engineer can. reasonably be expected 
to do well in perspective- The opinion was that if 
more nonengineers, especially those who later became 
policymakers, were - - 

engineers might be 
constraintsl 



iaught more technical concepts, 
'aced witf|^ewer unreasonable 



Engineering administrators noted that the teaching 
. of nonengineers was made more difficult by budget 
constraints. They felt that care should be ^en in 
providing resources to teach "service courses" which 
, might not result in aVstable workload- Given the 
present situation, engineering departments could be 
in the position of misfel locating teaching resources 
if the Interest in service courses declined, 

r 

(4) Relevance of Engineering Education to Engineering 
Registration 

m 

Faculty representatives disagreed considerably on 
the' function of engineering registration, ^ome be- 
lieved that graduates from accredited engineering 
programs should Be automatically licensed, while 
others viewed registration as the perpetuation of 
"guildism" and saw no need for it at all. 

Some faculty maintained that licensing instilled the 
engineer with a. sensfe of responsibility to the public 

' and increased pride in his profession. Others disa- 
greed, and supported the position that the engineering 
product, rather than the process, should Oe licensed. 
Engineers, they felt,. were rarely. profess i onal . They 
were usually salaried employees, "a captive group of 
corporate interests." It was felt that it was un- 

. reasonable to hold engineers liable for their work 
unless they were given .iliore decision-making power in 
the corporate structure". 
V »•• 

In general-, faculty members believed that they were 
doing a satisfactory job of producing responsible 
engineers. At the base-©f this statement was the 
question of how responsible an engineer" can be. As - 
a rule, engineer.s dO:not make the decision to per^form 
a mission; they only carry out the technical- require- 
ments to satisfy the mission. 
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(5) Summary • 

Results from previous studies correlate with the 
findings in this study in that the relevancy of 
engineering education to the total concept of 
engineering practice was the major issue* The 
basic concern was whether engineering education' > 
should prepare an individual for practice in the 
"real world," or should .it be limite.d to basic 
instruction in a discf^^l inary field of applied 
'fSience. In general, interviewed faculty memt^rs 
agreed on the need for greater coordination ^ong 
the engineering community to adequately prepare 
engineering students, -to enter, a diverse job market 
with the competence necessary to deal v^ith tech- 
nology and the impact" it has on most aspects of 
modem life. 



The "Professional Schools Concept" has been proposed 
as one technique.^ for greater control of engineering 
education by the practicing profession. Under this 
concept, the school of engineering at' any institu- 
tion would be highly independent, similar to the 
schools of law and medicine; The proponents pf this 
concept believe that such a system would be bene- 
ficial, since requirements could be established for 
faculty to have extensive-experience in the practice 
.of engineering, ^Critics of the system feel that it 
would be detrimental to the engineering profession;, 
(that there are certain advantages in belonging to the^ 
-overall campus administration rather than fending 
alone for funding. and facilities as a separate, entity* 



Since some degree of flexibility already exists in , 
engineering programs, and since eduCational programs 
are accredited by a private or^nization that is-. ' 
V heavily influenced by representatives from engineer- 
. ing education, changes in curricula may be long in 

coming. Significant char^^es are' occurring in the com- 
positiott^^ ECPD which jahe guiding accreditation 
toward placing more emphasis on^otoevance and practice 
' 1 orientation. It isrlikely that; the accreditati^pn pro- 
* cess will be the principal forcing function for change. 
However^ the general interest in sensitizing engineer- 
ing education to engineering practice will require a 
concerted, effort from every sector of the profession. 

General Observations ' , ^ , 



early philosophy of the purposelof higher education was to 
"seek out truth, document it, and put it on the shelf »" 
History has recorded the conflict between those who would 
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impose pplitical direction aiid'contrbls on institution's 
' of higher learning and. those who would preserve academic 
freedom. But today, many -disciplines in higher education- 
are devoted not qnly to intellectual enlightenment and 
truth., but also to the preparation of individuals to "pro- 
vide services to meet the needs of society as a whole." 
A significant portion of higher education is a combination 
of education and training, particularly in the professions. . 

UnliJce the early history of higher education, a. significant 
» portion of postsecondary education curreatly receives fi- 
jnancial assistance from public funds. Given this, does the 
. , ' public have a right to expect institutions to^educate and 
train competent professionals? Is it the- res pons ibil ity of ■ 
educational programs to n^t societal needs? 'ftow should 
.this be done? Does relevancy mean anti -intellectual ism? 
Is r^elevancy in conflict with academic freedom? / 

The "Go^ls Study" recopnerided that parallel options be 
developed in engineering curricula. One opttbn would lead- 
^ to a career in basic research (most likely to Ije conducted 
in an educational institution) and thesecond option would " ' 
train the incfividual toward the practice of engineering in 
the free marketplace. There was no-inclication from the 
research conducted in this study that this reconmendation 
has been strongly adopted in any of the engineering education 
programs reviewed. In most of the curricula reviewed, there 
was adequate flexibility for a. student to obtain a^degree 
and be exposed to most or"^ll of the "fields of understanding." 
However, the review also showed that the majority of engineer- 
ing graduates had jjot be^n exposed to- many of the nontechnical 
parameters which have. become. paramount in the* practice of 
engineering. 

Engineering Registration ^ ' . ' , 

' • History of Registration of Engineers in California 

The history of 'registration or licensure 'of professionals cin 
be traced back to the dayMof Rbger, King of Normandy, who 

. i5>n40 A. D,' required thaflldoctors be examined and certified 
by their peers. Some storTes depfe the beginning of the 

. registration of professionals at 3,(J00 years ago, when the 
Code' of Laws^pf Hammurabi were practiced. • In that time, if 
a housj- col lapsed and the owner was kiMed, thi builder was 
PMt to- death; if the son of the owner was killed also, the 
builder's son .would also be put. to. death. Historically, safety 
of the public has been the chief iitipetus "for codes regulating 

. the practice of professionals. V " * ■ 



In the United States ♦ the history of ihe registration of 
professional engineers dates from 1907 when the Wyoming 
Legislature enacted cd J aw.^ requiring regfstrattmi of all 
engineers' and land survexors> i43 tMe state, thereby becoming 
the first istate/to give legal recognition to the engineering 
profession; In 1923 arid 1925, the California legislature 
attempted to regulate the practice of professional jenaineering 
Interest in licensing was" the result of the. advocation of a 
"model law" in 19H the American Society of Civil En- 
gineers and later by the Council of Slate Boards of Engi- 
neering Exainin^rs in 1920 (which subsequently became the 
ffatjpnal Council of Engineering Examiners [NCEE])\ . Then 
and now, the purpose of the "moiJel law" was to promote^and 
secure uniform engineering registration laws in the United 
States- , . 

In both 1923 and 1925, legisUtion was 'introduced fo the 
California Legislature to regulate the practice of profes- 
sional en^ineering through a Professional Engineers* Regis.jg||if 
tration Board, However, because of debate among the 
engineering factions in the State on the major provisions 
of such legislation, itiwas not enacted. In 1928, the 
collapse of the St, Francis Dam in Southern California, 
which killed 450"p,ersons^, an^ caus«l property losses in the 
millions of dollars,. -united al# factions liehind the need 
for legislation- td regulate the design, construction, and 
maintenance of all dams, with the exception of those owned 
by the federal governrfient-t During this sam6 period, the 
California Engineers' Registration Association was formed • 
to secure the enactment of 'a law requiring the registration 
of professional engineers^ Consequently, California enaated . 
its first engineering registration legislation, efi^ectivl 
on August 14, 1929^^ It required the\registration of all * 
civil engineers, but excluded oth^r erigin|ering disciplines 
at their request, jjjj^^ ' - . - 

The. original act of 1929, known as the Civil , Engineers'" Act, 
was "to safeguard life, health, ^and property.". However, 
during the early years pf the Act, most of the activity 
involved procedural matters. Many amendments were n§pded 
itivolving technical arid operatiorial procedures of the State 
Board of Registration for Civ^l Engineers created as part of 
the 1929 law. Also, the Board was' forced to focus its pri- 
mary attentiori on the controversy between structural engi- 
neers and architects over^^the^^rofessional overlap in the 
design of buildings, - \ \ ■ 

In 1947, eighteen years atter'the enactment of the Civil 
Engineers /V^t, the California legislature established a State 
Board of Registration for Civil and Professional Engineer? . 
in the Department of Professional -and Vocational Standards, . 



The registration and certification of professional engi- 
neers wps e:xpanded to include chemical, electrical,, mechan- 
ical, and petroleum engineering. However, the 1947 action 
only licensed the titles, not the practice, of the respec- 
tive disciplines. 

Since 1947, the Act has tieen amended 74 timps, seventy since 
1951 .when the law was ahi^jij^ed toTreate the Civil and Pro- 
fessional Engirieers Ac't, which iS' the,basis for the current 
law. Anjong the major legislative changes were the ^enact- 
ment of legislation in 1959 to include one public membef. on i 
the Board, and a 1972 amendment 'adding negligence in prac- 
tice to existing causes for reproval ,*suspension, -or revo- 
cation of the certificate o1> a registered professiona> 
engineer. Other amendments to the Act over the years have 
dealt with: whether the nam^' of retired or deceased part- 
ners of an engineering firm should be allowed to remain a 
part of the firm's name; registration procedures; filing 
f^es; applicant qualifiactions; Board terms and membership; 
examination schedules; inclusion of engineering technical 
disciplines; Board name change; signers of plans, specifi- 
cations,^ reports or documents; and the extent, of Board powers. 
The major purpose of the currerl%Act, like the 1929 law, is 
"for the protection of the public healtli and safety," 

By 1976, there were three public member positions, and eight 
professional engineers on the Board, In this year, the 
California Legislature enacted legislation to change the 
makeup of nfirny licensing and regulation boards under the 
Department of Consumer Affairs .(formerly the Department of 
Professional and Vocational Standards), ThM legisUtton 
was in. response to criticism that many of the regulatory 
bodies were dominated by members of the professions they 
regulated. The new law placed publfc members in the'majority . 
on all but the ten boards regulating the healing arts and 
the Board of Accountancy, As of January 1, 1977, the Board 
of RegistratiAn for 'Professional Engineers had six public 
members, four engineers, and" one land surveyor. 

Prior to 1974, the Caltforriia Legislature ^d to pass a new 
pi€ce of legislation for each .new technical discipline to 
be added to the engineering registration act. In 1974, ' 
the Legislature passed a law authorizing the Board to approve 
any further engineering disciplines as necessary for the 
"protection of the public health and safety," The Board 
thus gained the authority to recognize new disciplines and 
establjsh "grandfathering" periods for them. Since. 1974, 
the Board has recognized nine of the seventeen techniqal 
disciplines in which engineers are currently beina reaistered. 
The seventeen arej civil, mechanical, chemical, electrical, 
petroleum, structural, industrial, metallurgical, agricultural, 
quality, control system', fire protection, traffic,' safety. 
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corrosion, nuclear, and hianufacturing. The 'Board approved 
two additional technical disciplines,* aerospace and ceramic, 
but there have been iio engineers licensed in these fieMs 
as a result of actions taken by the Department of Consumer 
Affaigs, The Department did not approve budgetary adjustments 
to permit the grandfathering of engineers into these fields • 

California's Registration Afct is complicated by "title" and 
"practice*' concepts found in the Act. In three fields of 
engineering, i.e., civil', electrical.; and mechanical, indi- 
viduals who are not exempt must be licensed to practice. 
Under '^title*' provis'ionsMn the California Act; the Board 
may identify additional titles of engineering for licens;ing. 
Registration in these at*&as merely allows individuals to use 
the registered engineer's^ title, "professional engineer," ^ ^ 

The California Act exempts* individuals in industry, public 
utilities, and the federal government. The. majority of the 
practicing engineers in California are exempt from registra- 
tion. It "is estimated *hat there are some 210,000 technical 
engineers in-Califomia of which approximately 52,QOO are 
registrants,' The Bohrd of Registration estimates that this 
number will increase to approximately 70,000 when all of the 
'qualified applicants in the neW categories have beerV grand- 
fathered, 

a,, ^ Summary 



Registration* of engineering practice in California 
originally was prompted by, the disaster of the collapse 
■ of *the St. Francis Dam* Civil engineers, those engineers 
who design such dams, became subject to mandatory regis- 
tration. Since that time, other disasters in fields of 
engineering practice nat covered by mandatory registration 
have occurred, but mandatory registration for the respec- 
tive engineering disciplines has not been enacted* This 
history has placed the future of registration in Califor- 
nia in a considerable dllemna. How does registration, as 
currently practiced, relate to the protection of the 
public? What segment of- the public is protected by^ regis- 
tration? Should all engineers be registered? Should 
^ . only those working with structures and public w.onks pro- 
jects be registered?' Should there be a different 
approach to registration for different types and areas 
of engineering practice? 



but a^so throughout the nation. Various state, legisla- 
tures nave passed "sunset laws," which automatically 
eliminate licensing boards unl-^ss they can prove that 
their continued existence is required to protect the 
public. These laws also require periodical reevaluation 
of any remaining boards. 




under reevaluation in California, 
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The history of engineering registration inXalifornia 
shows that while the stated purpose of the initial and 
subsequent registration acts was for the protection of 
the p"ublic, much cqnfusion exists as to how or if 
registration is. serving -that purpose. Those who support 
state registration of engineers will luive to prove that 
licensure's more effective than any ower approach in 
protecting the public. They will also have to show thit 
the licensing process' is not discriminatory, that it 
is not a restraint of trjde, and that it 1s not perpetu- 
ating guildlsm. The recent history of registration of 
engineering practice- in California shows a decided shift . 
toward consumer control. Whether this shift will result ( 
in mandatory registration or the abolition Of registra- • 
tion remains to be seei^. 

Critical Analysis of the Act ' 

Chapter 7 of Division .3^of the Business and Professions Code 
of the'State of California relates to theTrofessional 
Engineers Act, created for the protection of the public health 
and safety. Yet, 1f approximately 75 percent of the engineers 
"engaged 1n engineering work in the State af California are 
exempt from registration under the»,^ct as employees of in- 
dustry, public utilities and the fefleral government, what .is 
the imp-act of the Act in the ar*eas of public-health, welfare, 
and safety? Is the public being given full protection iinder ' 
the Act? The history of registration in California has re- 
vealed that aside from changes necessary to keep the law 
current, virtually at no time—until. 1976--was the Act in any ■ 
way amended to strengthen4lts primary purpose to protect the 
public. As the Act is currently -written, how strongly does 
it guararftee the public health" and safety? 

The basic Act today consists of seven articles: Article 1 , 
General Brovisions;. Article 2, Administration; Article 2.3, 
Professional Engineers Revi ew Cdmmi ttees ; Article 3, Appli- 
cation of Chapter; Arttcle-4, ^Registration; Article 5, Dis- 
ciplinary Proceedings; Article 6, Offenses Against* the Chapter;- 
afnd Article 7, , Revenue. In the anaulysis of the Act presented 
in. the following pages, the provisions of the Act were evalua- 
ted and* categorized as they relate to the powers of the Board, 
public health and safety, education, discipline, 'and general - 
administration of engineering licensing. 

a. - Powers of the Boa rd ' - 

Prior to action in 197^,by the California, Legislature, y 
Section 6711 of the Act provided for the appointment, by/ 
the Governor, of three public-members', seven meniers of- 
various engineering technical disciplines, and one>ind 




surveyor to serve on the Board of Registration for * 
Professional Engineers. ^Before.,4J^ change in the law, 
nearly twa- thirds of the Boarrfmembers were from pro- 
^fessions which the Board was empowered to license and 
monitor, ' ^ ' 

Sefction 671U>newly arnendiit', states that four members of 
the Board sJ\all be registered; one member shall be 
licensed under the Land Surveyors* Act; and six shall be 
public mSnj^s who are not registered under this Act o# 
licensed under the Land Surveyors ''Act. The new law also 
requires that one ef the 'public members of the Board 
snail be a person possessing expertise in one or more 
significant port^ions of the Boacd's regulated activities. 

,The requirement of t2 years ' active experience for the • 
^nonpublic members of the Board remains the same as 
before, as does the age'(30 years) and residency (fi.ve 
years in California immediately preceding appointment 
requirements) . - 



In addition to public members having the majority v'bte, 
civil engineers will, no longer. dominate the engineering 
profession's representation on the Board. 'This changes 
a tradition of dominance dating back to the 1929 Act. 



on the Board. Under the new law,, one civil enginiser, ...^ 
one electrical engineer, one mechanical. enginefer, one 
structural engineer 14/, and one land surveyor, will serve 
as Board anenters.' THree additional public members of 
the Board will,^'a$ vacancies occur, replace two of the 
civil engineering members and the one chemical engineer- 
ing member presently on ,th^e Board. Ais ,further' vacancies ^ 
occur, the Governor will appoint^^professional members so 
that the proper combination required by the new J aw is , 
achieved. 



In spite of strong- consumer representation on the Board, 
decisions on engineering licensing, discipline, and'^ 
accredttation could be heavily influenced by the four 
engineering members of future boards. To fulfill the 
mandate of the amending legislatioTi, the public members 
must have the ability, to best^f.lect the safety and ' ^ 
health concerns of the publiclt lirge as applied to 
^the fields of engineering and land surveying. 

Ostensibly* there will have %oife other changes in -the 
Act as a result of placing public members In the majority 
on the Board. If 'changes .are not made, certain exclusive 
' decision-ftaking powers may stilTreside with the engineers 
on the Board regardless of the public members-* qualifica- 
tions. Sections 6726 and 6726.2* do not permit public 



Currently/ three civil engineers 
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members to serve on committees to assist the Baard 
in Investigating claims of violations of any provision 
under the Act* Also, Section 6728 does not specifical- 
ly prescribe the participation of public members on 
review contmittees, although the powers of revijew' com- 
mfttees do not differ from the powers of the Board. 

Engineering, Registration and Educational Requirements 

Grandfathering, a method of registration without exami- 
nation, accounts for the greatest percentage of 
registered professional engineers in the State^ nearly 
two-thirds of the licensed engineers* 

The second greatest number of engineers are registered 
by ^examination which requires evidence of six years or 
more of experience in engineering. work satisfactory to 
the* Board.. 'Other common ways of^ becoming registered as 
a professional engineer in California are through reci- 
procity, and individual examination. Further, by its 
own rules and regulations, the Board permits registra- 
tion in a specialty established by it. By this method, 
which allows a period of time for interested engineers 
to meet the Code requirements, past work experience is 
considered but not necessarily education or tested 
competence. • 

i 

Before 1968, there was little mention of formal academic 
training in the Act as a prerequisite to the practice 
of engineering, to obtain a license as a professional 
engineer, or to ensure that each 'engineering discipline 
approved for licensure had a corresponding currtculum 
in an Institution of higher education. . In T968, the 
Governor signed a bill ioto law which amended Section 
6700 to read: 

"The Board may not approve an engineering disci-^ 
pline which is not covered by curriculum leading 
to first, degrees in' engineering in an accredited 
university or college in the United States recog- 
nized on the Effective date of the amendments 
made .to this section at Xi\e 1968 Regular Session 
of the Legis/ature fay the Efvgirieers' Council fipr 
Professional Development." 

This amendment was deleted in 1971 by the passage of 
another law. It is interesting* to note that within two 
years, 1973-1975, eleven nen disciplines were recognized 
by the Board, 'only three of which had a corresponding 
Accredited educational program at an institution of 
higher education in California. Additionally, some en-^ 
gineering disciplines approved before 1968 lack any 
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reference to e'ducation as a prerequisite for licensing 
as, for example, structural engineering. (Section 404, 
Title 16) \ 

Institutional education,* though not require/ by thei 
Board to, secure an engineering license, may satisfy four ' 
of the six years of the experleiree requirement for 
securing a license, as provided Jn Section 6751 of^he 
Act* A 1971 measure amended Section 67<3 of the Act to ' ^ 
read. that postgraduate work in the school of engineering 
or the teaching of engineering may (in place of previous • 
wording, shall) be considered bythe Board as. engineering 
experience not in excess of one year. 

Disciplinary Provisions , ' 

Section 6775 of the Act, which delineates those actions 
by a licensee subject to disciplinary actftfn, applies most 
directly to ensuring public health and safety. Historically, 
it was not until 1972 that neg>igerK:e'in the practice of 
•engineering was added to this section, , Prior to this amend- 
ment, the 'personal morality, of the licensee as^a private 
citizen, rather than as a professional; was subject to 
. disciplinary action* 

> • . " » 

In 1975, the Legislature deleted several provisions from 
the Act-, particularly those in Section 6775, which permit- . 
ted the Board to impose disciplinary action upon a pro- ^ 
fessional engineer convfcted of a crime involving moral 
turpitude. The amendment also deleted any reference to ^ 
the moral character of the engineer, whether it be in 
reference to disciplinary action, as a prerequisite to 
issuance of a new certificate of registration, or as re- 
quired for renewal of an expired license* The amendment 
clearly removed the authority to judge an engineer's' pri- 
vate life, against hlfs professionals service and performance, 
from the jurisdiction of the Board, . ^ h • 

Critics' have argued that the Act may permit less than scru- 
pulous engineers to be licensed under the sanction "of the 
representatives of the people of the State of, California* ^ 
These critics maintain that good moral character is a per- 
vasive trait, not confined to the hours following a day's 
work, public health, safety and welfare depend not only 
on 'the quality of work done by an engineer, but also on 
the moral character of the business practices of an engi- 
neering firm. Price fixing, arbitrary charging of high 
costs, and collusion are all .manifestations of bad faith 
or lack of (good moral character which, under the present 
Act, can occur without any liability being assessed against 
the engineer for such activities* 



■ ... ■ V,' 

According to this argument t+ien., the elimination of 
"good moral character" may have inadvertently resulted 
in the public sanction of engineering activity which is 
contrary to the public'"s welfare.. One faces the prob- j 
lem, as identified in Goldf^rb v. Virginia Bar Associa- 
tion , where the State has condoned otherwise illicit 
business practices and bad faith stemming from the lack 
of a good moral character. 

c 

The following three questions are raised: 

--Are the provisions of Section 6775 adequate to 
ensure public health and safety? 

i 

. ' r Has the State sanctioned illicit business^ practices \ 
or other manifestations of bad faith or Tack of • 
good moral character contrary to the publ ic's\wel- 
fare and the laws applicable to priVate enterprise? 

- Has the Board utilized Section 6775 in orde^/to 
protect the public's interest or has there/been • 
a general reluctance among professional enginee»*s, 
as in some other professions, fo prosecute a 
fellow professional? 

d/. G eneral Administrati on' 

"" " ' , » 

Perhaps the nx)st perplexing .provisions of fhe Act are 
found in the changing descriptions of the general admin- 
. istrative duties the Board and its Executive Secretary 
must execute. Keeping in mind that' the Board and its 
administrative staff are empowered to protect the public's 
health, safety, and welfare, the administrative duties 
appear to have little relationship to that pH ma ry duty. 

Beginning with Section 6738(2.) and continuing to Section 
6379 through Sectiop 6746, various exceptions to the 
licensing requirement are allotted "to individOiils working 
, as engineers. As an example. Section 6738(2) permits 
nonlicensed individuals to 'prepare 'engineering plans, 
specifications and report^ under the superv.is.ion of a 
licensed civil engineer. However, the Board has no , 
meahs of investigatirtg-whether the .licensed civil engi- 
neiBr has directly supervised nonlicensed individuals," 
who may or not be engineers themselves, as required 
by this Section of th^ Act, or whether approval by a 
licensed civil engineer of a nonlicensed individual's work 
has been a cursory or careful procedure-. This exemption, 
when first added to the Act in 1957, limited work by non- 
licensed engineers or nonengineers to the preparation of 
plans for one/two level dwellings and farm/ranch buildings. 
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In 1959^ this limitation was dropped, permitting non- 
licensed engineers to work on all engineering .plans, 
specifications and reports, » . 

Section 6795 delineates the license renewal procedures 
for professional engineers. However, it does not provide 
an explanation as to what type of review or standards 
are to^be utilized in order to determine whether the 
safety- practices and professional competency record of 
an engineer apply4ng for licensure renewal satisfactorily 
warrants such renewal. The Section does empower the 
Board to establish the renewal qualifications for each 
discipline. However, it is not mandatory, for the Board 
to do so, and as mentioned above, no general requirements, 
. standards or qualifications are provided in the Att. 

e. Public- Health and Safety 

Perhaps the leas-t defined subject in the entire Act is 
the premise upon which the Act is based, protection of the 
public's health and safety.. Carefully worded definitions 
' of the various engineering disciplines, procedures for 
payings fees, and exemptions to the licensing rcfquirement 
are set forth in the Act and in the Rules and Regulations 
of the Board, but there is little delineation of the 
meaning of public health and safety or the means by which 
the Board will ensure the purpose of the Act. 

Historically, 74 amendments to the Act have been^ made 
since 1951, with only oneliaving any direct reference to 
the public's^ health and safety. In contrast, at least 
three amendments to the Act have been passed through the 
years pealing with the right of continued use of a retired 
or deceased partner's name in a firmjs name or in its ^pro- 
fessional advertising. At least five amendments have 
been passed since 1947 dealing with fees, but the majority 
of the amendments have been principally concerned with 
the membership and composition of the Board and with the 
coverage of additional engineering disciplines under the 
, Act.* 

/ Section 6703.1, delineating the responsibilities of a 
licensed engineer in the supervision of the construction 
of engineering structures, excludes engineers from the 
responsibility of observing the construction process, site 
conditions, operations,, equipment, personnel or the main- ^ 
tenance of a .safe place to* work or any safety in, on, or 

/ about the site of work. It is unclear why protection of 
publ ic. health and safety would exclude on-site Engineering 
evaluation of the construction processes. 
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The only language in the Act which appeeifs to associate 
the actions of the Board and the provisioVsof the Act 
for the public »s health and safety is Sect ioH"^69^ . It 
states that in order to safeguard life, health, ek, , a 
person intending to practice engineering shall submit ; ^ 
evidence that he is qualified to practice the particular \ 
technical discipline he is seeking registration in. ^ 

Section 6751 establishes the general., criteria upon which 
an applicant will be judged qualified to practice... How- 
ever, these criteria, and the present make-up of the exam 
(as described in Section 6755), do not specifically 
account for knowledge of- areas of public health and safe- • 
ty. What is' lacking in this portion of the Act is a. de- 
scription of thos^areas of knowledge, other. than thoSe 
falling within strict engineering curriculum, upon which 
the individual should be evaluated and tested to-ensure* 
that he has not only expertise in engineering, but also 
(i^a broad awareness of the effects of his actions on. the 
public's health, safety, welfare, and property. 

The problem arising from inadequate definitions for public 
health and welfare are -exemplified in Section 6793.3 of - 
the Act. Thfs Section delineates four criteria for re- 
application for licensure. Only one fientions the pub^c 
interest, "... or otherwise establishes, to the satis- 
faction of the Board that, 'with due regard for- the public' 
interest, he is qualified to practice the branch 'Of en- 
gineering fn which he again seeks to be certified . . .." 
How the Board will make such a determination in the 
public's interest is left unexplained. >r ■ ■ \ 

Summary 

That the majority of practicing engineers in California, are 
not registered, and that the majority of the registered 
engineers practice in. areas-exempt from the Act, severely 
limits the effect of the Professional Engineers Act. In ' 
■addition, the impact the Act may have-on the public health, 
safety, and welfare is hampered by provisions which dilute 
rather than strengthen the State's efforts to promote the 
public welfare. 

The powers of the Board are virtually discretionary, as 
the Act provides it with no detailed standards or guide^ ' 
.lines against which to regulate its activities. 

The Act pays little attention to ^ the role of formal educa- 
tion in providing not only engineering expertise, but also 
the sensitivity to erteure the public's well-being. Although 
experience may be more Valuable than institutionalized 
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education in developing the technical skills needed 
^ -to practice in the profession, it has not been estab- 
Hshed that such experience also develops the necessary^ 
sicflls and sensitivities needed to promote the public 
health and safety, " - * 

Those who support registration for engineers point out 
that the Board rarely sits in judgment of malpractice 
Events and this, they assert, demonstrates' how effec- 
tive licensure is, since registered engineers are rarely 
negligent in the practice of engineeHhg. Critics of 
th-is line of thought point out' that most registration 
applies to the fields of stationary structures and public 
works whi^h'are alsb controlled by various building codej. 

Most /importantly, the basic premise of the Act is poorly 
defined', with little or no explanation throughout the • 
Act as to . how the various provisions will promote the 
publiC'health, welfare, and sjFety. Therefore, the 
basic effectiveness and necessity of the Act must be 
questioned. It is not clear how the Act plays a signi- 
ficant part in the protection of the publics 

Examination Process 

The intent of^the Professional Engineers Act is to place the 
primary emph^sjs for quali^fi cation for engineering registration 
on the written examination process. However, this process. is • 
only the second most common way of becoming a registered pro- 
fessional .engineer. Statistics show that "grandfathering"* 
accounts for the greatest number of registered professional en- 
gineers in the State. (Grandfathering and other registration ' 
alternatives to .the^ exaitiinatidn. process are discussed in 
Section 4, following. Also see Appendix H, Grandfatherj|i5 . 
Procedure for Licensing.) Nevertheless, the examinationtpro:- . 
cess is the means by which 42 percent of the engineers presently 
registered in this State qualified -and is the means by which, 
future engineers will be registered following the expiration 
of the "grandfathering" period for current and future Board- 
approved, technical disciplines. 

The purpose of the examinatioriis is. to establish minimum quali- 
fications for persons registering as professional engineers. 
How do the examinations relate to, CAlifornia engineering educa- 
tion programs? More importantly, how do the examinations re- 
late to the "fields of understanding'!' developed earlier in 
this study? The previous chapter on engineering education 
examined the content of engineering curricula and the relation- 
ship of this content to the .concerns which engineers must deal 
•with in engineering practice. The question now is whether . ' 
registration examinations -test not only for competence in 
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engineering, but also for sensitivity to the nontdlhnical 
parameters of engineer,ing practice which relate to the pub- 
lic, health, safety.,- and welfare. 

> 

The testing process consists of two separate examinations. 
The first, the engineer-in-training (EIT) exam^ covers sr- ' 
gi peering fundaments-Is. Presently, the Board uses a national 
exam prepared and^raded-by the National Council of Engineer- 
ing Examiners (NCEE). The second test, the registration " ' 
exam, i^ also-prepared by NCEE in most cases. This exam can 
be-taken dnly after the applicfint has passed the EIT exam 
and acquired six years of related experience in engineer^^ng 
practice. A bachelor of science degree from a Board-approved 
engineering or related science program satisfies t^four of the 
six years of -engineering experience. ' 1 

Information presented in this section was obtained first by 
identifying current trends in the Board's examination] prac- 
tices. This was followed by. a review of professional/ en- 
gineering written examinations, prepared and administered 



by the Board between 



1967 and 1974, to' determine the extent 



to which the applicants were examined in both technical and- 
nontechnical parameters of engineering practice .("fields of 
understanding"). Lengthy interviews with Board st^ff members 
were held to review csrtain aspects of the examination pro- 
cess to determine.. thej background of the Board's, use of 
national examinations^, to develop information about the in- 
tent and the value o1]f*he EIT; and to'obtain statistical 
data on the current sitanfe iDf engineering registration. In 
addition, correspondence with the Excecutive Director of NCEE 
provided information Ion the preparation and content of 
national exams. 

a. National Exams 

The EIT exam-has been administered as a national exam since 
1971. California began usinp the national exams for the 
registration test in the Fall of 1974. Essentially, the 
Board's policy is to use each NCEE exam unless it is felt 
that the content does not meet the "needs" of the State. 
^ For ;some disciplines that are presently examined under 
the California Act, there are no prepared NCEE exams. 
These include such categories as fi-re protection, corro- 
sion, safety ,*control systems, and quality. NCEE does pre- 
pare exams in manufacturing, traffic, agricultural, and 
nuclear engineering. The land surveyors and the structural 
engineers' exains are presently prepared by the California 
Board. 
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The operational procedures of the Board and staff have 
been changed, by the shfft toward^ the use of national 
examinatioas in recent years. The Board has neither 
access to the grading. procedures nor dfrect access to ^ 
the preparation of the national exams. On an annual 
basis, the Board detemiines if national exams will be* 
' ysed; but prepares a State exam for each discipline for 
use tf an NCEE exam is rejected • 

The Board compiles engineering exams from questions pre-?' 
pared by Board and staff Tnetnbers, or by paid expert 
examiners. Staff members edit the questions, prepare ^ 
the instructions, and oversee the typing and final pr^pa- 
^tion of the' exam. The ffnal draft of aech exam, 
' according to -Board staff, is refer red ^ to The appropria^l 
committee of the Board for approval prior to its possible 
use, ^ 

According to the Executive Direc'lor of NCEE: 

"National examinations. are prepared by seeking 
. question material from all available sources 
in the engineering profession, primarily from 
registered engineers (but not exclusively), from 
engineers in industry^, private practice, govern- 
m ent at all lev errand? of course, engineers in 
education. The question material' is reviewed 
carefully by our Uniform Examinations Committee, 
* either rejected or actepted, and then put into \ 
the best possible fom for use on examinations/' 



Board staff stated that .since pass/fail percentages are 
higher on the national exams than on state exams^ it 
statistically appears as though the Board now passes 
more- applicants than it would with Board-prepared exams* 
For example, about. 15 percent of examinees narmally 
.pass the California c1v.il engineer's exam, bi/t nation- 
wide' statistics show-about 85 to ,90 percent of the exam- 
inees passing. This has.caused considerable debate 
among Board members as to the advisability of continuing 
with this NCEE exam; nevertheless, they have elected to 
continue its use. Several- factors may account for the 
difference between the national statistics and the Cali- 
fornia finding?. Any individual with the appropriate 
experience may take the California examinations to become 
licensed. However, in many other states served by NCEE, 
one must be a graduate from an ECPD-accredited engineering' 
degree program to be accepted for examination. Many non- 
degreed engineers apply for California engineering 
registration for professional recognition, and^the failure 
rate on the California exams could be a manifestation of 





the lack of academic preparation for the acad"emicany 
or*fented' exajns. • . . " 

In contract to the EIT^^^ national professional exams 
are not all multiple choice. Gradina of professional 
test problems is- based on, the applicant's approach to a", 
problem. Partial credit is given for problems partially', 
solved. Some critics feel that the standard gnadina / 
system used by the NCEE and the grantina of partiar / 
credit is much more lenient than the system formerly . 
used by the pal ifornia exam graders. 

Examination in "Fields of Understanding'" 

Board-prepared exams in all disciplines dating from 
Augus±, 1967, through November, 1974, were reviewed to ' 
determine the extent to which an applicant's knowledge 
was. tested in variojis "fields of understandina."" The 
exam. files were fairly complete during this period, 
except that.only four exams w^re available in the in- 
♦ dustrial engineer category. Prior to 1967, exam fields . 
were not readily accessible. 

Each exam problem was reviewed and a person^al evaluation 
of the intent of each particular problem was made. The 
intent was categorized .according to the relevant "field(^) 
of unders-tanding." >. 

(1) Physical Science w 

(2) Engineering Science . . '^'^ 

(3) Design/Application 

(4) Engineering Technology 

(5) Ethic? 

(6) CoTOiunication Arts ■ ' 

(7) Management Science 

(8) Economics 

(9) Law - . .- ' 

(10) Political Science - • 

(11) BehaviQral Scienc"fep • 

(12) Life Science 

(13) Humanities 

(14) - History ^ • ' 

The results of this analysis were subjective and^to some '* 
extent dependent upon the knowledge of the person reviewing 
the problem. Additional^ guideline definitions within some 
fields of understanding" were developed" for objectivity • 
and were useful in making differentiations among exam 
problems in the fields o'f science^ economics and- design. 
Following are these guideline definitions: 
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- Physical Science: Examination problems differen- 
^ttateid from^ engineering science, economics and ^ 

design in that the problems are confined* to the 
application df known -cause-andc^f feet relation- 
ships anrd formulas which yield a- predictable 
result* \ . ^ . * . 

- Engineering Science : The solving of well-defined 
problems and'systdns with the,/lntent .of determining 
magnitude of the function and'closely approximating^ 
a known result* .The use of assumptions is required* 
to define certain unknowns within the system. 

. •• • s • 

- Economi cs : Examination problems which .are prynarily 
intended to reflect art , Anders tanding 'oi; the'appli^ 

* cation o-f economic evaluations now primarily intended , 
for the selection of ari optimum system or an optimum \ 
answer, , / 

- Desi gn/Appl i cat ion : Examination problems requiring 
judgment and experience! to develop the'concepts of 

a proposed s)^tem to be applied in a particular* situ- 
ation. ^The €snd. result is 'not necessarily a previously 
known solution. A degree of innoyativeness is 
required. 

* * " ' 

No special differentiation was made between nuS»^ic and 
verbal-type problems (or essay-type solutions), /Kjice 
scoring on the exams was for specific content, no^pre- 
s^entation. Problems wefe scored- on the basis of the 
analysis, of thff problem, and the approach to the answer; 
not on how the answer was writteii.o However, where essay- 
type answers wtfre required, the problem was con.sidered. 
to give exercis-e in category. six, communication arts. 
This'vas partiQuVarly true in. the metallurgical engineer 
exam, because it. was required that the answer be presented 
in a logical format relying li[)on the use of verbal expres- 
sion rather than numeric. analysis ofcly. 

The, review Included over 1 ,500 problems for? a tot^il point- 
value of about 15,000 (averaging around 10 points^per' 
problem). The results are best expressed as a. composite 
tabulation of the assigned problem-point values in' each 
fi^ld of understanding for all of the. exam? within each 
discipline. , , 

In the examinations for civil, electrical, and mechanical 
engineering, there were many^mori problem-points available 
than problems wfriich the examinee was required ito answer. 
The examinee could pick and choose roughly one-third' of 
the problems,' except in rare circumstances when a problem 
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was required. Therefore, of 2,705 points for auestions 
asked in nine exams in civil, engineering, 900 Joints- 
were required to pass— roughly one-third. Furthermore, 
in civil engineering, 60 percent of the problem-points 
available were, in the engineering science "field of 
understanding," so it was possible for an applicant to 
pass the exjnn by correctly working problems only in 
the area of engi^ie^ring science. (A passing score would 
be 70 percent of -one-third of the total problem-points 
available.) A summary of results by discipline is 
presented statistically in Tabled. Figure 5 graphically 
presents^tff^umulative results for all* disciplines. 

The combined suimiary of all disciplines produced the 
following results: 

Percentage of- 
Total Examination Points 
Within "Field" 



67% 

Design/Application ' 13 

Physical Science . * 9 

Economics ' ' 7 

" All other "fields" coiiijined 4 ^ 

T00% 

The engineering science field predominated with 67 percent 
•of all exam problem-points' in- this field. The nexi most 
highly tested category was the field of design/application 
with 13 percent of all problem-points j and third, the • 
category of physical science contained nine percent of 
all problem-points. In other words, 89 percent of all 
problem-points are in the fields of pure science— physical 
science, engineering science- and design/application. 
The fourth category, containing seven percent, was the 
field of economics, which ih the exams was essentially 
engineering economics. The data indicate that the Cali- 
fornia-prepared ^exams had no question in engineering 
technology, humanities, or history. " 

Exams within' the discipline of industrial enaineering , 
^exhibited the greatest diversity in terras of' testing appli- 
cants in various "fields of understanding." This diversity 
was not significantly large, -but it was greater than in 
other disciplines. 



^ield of 
Understanding 

Engineering Science 
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STATISTICAL SUMMARY OF EXAMINATION ANALYSIS 
(California-Prepared Exams) 
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The ftelds ^Htmanities (13) and History( 14) were not included on any exlms. 
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PERCENTAGE DIStRIBUTION OF- EXAMINATION PROBLEM- POINTS WITHIN "FIELDS Of UNDERSTANDING" 
, SUMMARY OF ALL DISCIPLINES, 

^ . • . ■ . (Cal^fprnia-Prepaired Exams) 

f Ihe fields pf, Humjjnities (13) and JIstoVy (14) were not included on any exams.^ 
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The 'staff of NCEE performed- a- similar analysis^ of 
"fields of understanding." The results are shown in" 
Table 10. This analysis Indicated which "field of under- ' 
standing" was^ncluded to some extent In first, the 
fundamentals exam (FE), and second, the principles and 
practice of engineering exam (PP). 

Virtually the only difference between the fundamentals 
exam and the principles and practice exam In "fields" 
tes-ted was the addition of design/application to the 
principles "and practice exam. As with the state-prepared 
exams, the, "fields"' receiving the most attention. In the 
national exams were physical science, engineering science* 
design/application an(f economics. According to the NCEE 
staff reports, the national exams test competence In the 
field" of- engineering technology as well. 

Sumffiary- • ,\ 

Except for certain special engineering disciplines" for 
which no national examination Is prepared, the Board of 
Registration has converted to the use of tests. prepared 
by the'Natlonal Council 6t Enalneering Examiners (NCEE). 
This practice began with the EIT tn 1971, and was e;?tended 
to other engineering disciplines in 1974. The Board 
exercises some control over the quality of the exams (since 
it may elect to use a state-prepared exam in each disci- 
pline) if it is determined that the national exam does 
not meet the "needs" of the State. Thus far, a greater- 
number of applicants have been, granted professional licen- 
ses 'through the national examination process than hav'e 
been granted licenses through the state-prepared examination 
process . 

On both state-prepared and national exams, engineering 
science, physical ^science, design/application and economics 
have received the greatest emphasis. An ap^il leant may 
pass both types 'Of tests by solving problems only in the 
science-oriented fields. Mbst critics agree that exam 
.problems classified in the engineering science category on 
staje-prepared registration exam's are quite similar in 
content and difficulty to those found in the ElT exam. 
For the most part then", the state^prepared exams reviewed 
in this study tested for only coll eae-leVel knowledge and 
experience*. . - 

If the Intent of the examination process is to require 
that the applicant demonstrate practical skill acquired 
through experience after college-level trainina, this 
goal is only mini-malily achieved. If one of the goals of 
the examination process is to require the applicant to 
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Flelxts of Understanding 

Physical Science 
Engineering Science 
•Design/ Application ' . 
Engineering Technology 
Ethics 

Communication Arts 
Management Science 
Economics* 
Law * 

Political Science 
Behavioral Science 
Life Sciences 
Humanities 
History 



Included In 
FE Exam 



Included In 
PP Exam 

X 
X 
X 
X 



^ TABLE 10 
NCEE' EXAMINATIONS CONTENT 



Not Included 
In Either Exam 



X 
X 
X 

X 

X 

.X 
X 

x 

X 
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demonstrate 'sensitivity to those matters which are 
involved in the public health and safety, the review 
of the exanis did npt indicate. that this was being 
accomplished. 

Grandfather ing. and OtTier Registration Alternatives 

The written examination process is only one of four methods 
available to applicants seeking registration as professional 
engineers in the State of California, the other three 
m6tho<ls^^are^grandfathering, experience and reciprocity. 

^What relationship, if any, do these three alternatives have 
to engineering education? In what manner do they guarantee 
the public healtli, welfare, and safety? 

^' • ■ 

An evaluation of grandfathering was made using statistics 
obtained through the staff of the Board of Registration. The 
totaT number of licenses issued from 1948 throuah 1975 in all 
disciplines was used in the evaluation. Statistics were not 
.available. on the nunter of persons granted licensure some 28 
years ago who have since become professionally inactive. 
Detailed statistical evaluation of the. status and origin of 
active licenses was beyond the scope of tfiis stjidi^T^HQwever, 
It IS believed that-such detailed analysis wofild not prbduce 
results significantly different from those presented in the 
following pages. . 

■Statistics were not a':railable from the Board on the number of 
registrants who received licenses by means of experience 
through .the interview process, or by the registration method 
of -reciprocity. , ' ^ 

a. Grandfathering 

Grandfathering, is the process of opening a new category 
of professional licensing to all those who can reasonably 
demonstrate to the Board, by evidence of nine years or 
more of qualifying experience, that they are entitled 
to.Use the title of the new'discipline.' f 

. Prior to 1974,, each new technical, specialty registered 
by the Board required" the passage of a separate piece of 

. legislation to permit grandfathering. Jn 1974, the 
.California Legislature enacted a measure granting the " 
Board the power to approve new disciplines and establish 
related grandfathering periods for them. Consequently, 
• groups' wishing to establish a new technical discipline 
title for registration may petition the Board with their 
request. Should the Board deny the petition, these groups 
stillhave the right to present their petition to the 
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Legislature and request legislation on the particular' 
discipline^j^le. 

After the. Board was^^iven the power to approve new dis- 
ciplines (effective January 1, 1975), nine new categories 
were approve* for registration: agriculture, control 
systems, corrosion, fire protection, manufacturing, nu- 
clear, quality, safety, and traffic. The categories 
'Of aerospace* and ceramic engineering were also approved 
by the Board; but the. grandfathering period was not to 
begin until April, 1977, at the very earliest, because 
of budgetary restraints iitipbsed by the Department^f 
Consumer Affairs.- « • , • 

The primary" criterioin upon which the "Efoard makes a'deter- 
mination to admit a new "title" discipline is -whether 
or not that- group is substantially covered within an 
area of existing licensing. For example, the Board re- 
fused to establish the discipline of air pollution 
engineering undet* the Act because it felt that this' dis- 
cipline was substantially a specialty, or subdiscipline, 
of civil or mechanical engineering. 

Since it is a matter of accommodation in California not 
to legislate"' a person out of his" occupation, the grand- 
fathering process Currently permits, applicants in new 
disciplines a. one- to three-year period ^n whfch to quali- 
•fy. Appendix H is an. information bulletin issued by the • 
Board concerning registration as a professional engineer 
during the initial grandfathering period', fqr a new category. 

When 'a new -technicals discipline is approved by either the 
Legislature or the "Board, interested person? file^n ap- 
plication for registr'ation, together with references and 
a work record. If the experience and references are 
found acceptable bythose.who review the application and 
by the Bgard, then the 'applicant is granted official 
recognitfon by the "State as. a -registered professional en- 
gineer and may call 'himself by that title. This process 
differs from tbe.exaiiiinatibn process in that thvee 
additionfa\yea,« of qualifying experience are required, 
but an examination is jiot. 

Prior to the recent admittance of ^fie nine new specialty 
categories, the previously Established disciplines were: 
civil, mechanicaU.el-ectrical, industrial , chemical i 
structural, metallurgical, consulting, petroleum, and 
photogrammetrie. '(The statistics for land surveyors are 
also included in the following figures.)' As of 1976, 
there were approximately 53,000, r|l9istrants,,in Ahese'dis- " 
ciplines. Of that total, appro*xinifitely 22,000, or 42 
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percent, were qualified by examination; approximately 
31,000, or 58 .percent, were admitted by the grand- 
fathering procedure. 

The, Board estimates that 19,600 applicants will be 
accepted for registration' in the nine new disciplines 
currently in their grandfathering period before that 
period expires. If -these estimates are realized, the 
nuniber of grandfathered engineers in California wiTV ' 
increase to approximately 69 percent of the total 
(using current figures). 



Except for c.ivil, mechanical electrical disciplines, 
which are practice acts, experience has shown that after 
the initial influx of grandfather applications, the 
interest in registration through the examination process 
is very small. For example, 1 ,500 applicants for metal- 
lurgical engineer were grand fathef*ed in 1966, Over the 
next nine y^s, 1975, only VI 7 new licenses -were added 
by examination (less than a one percent increase per 
year). In 1969; 3,700 applicants for industrial engineer 
were grandfathered. By 1975,. only 167 new licenses were 
added examination, also less than a one percent per 
year increase. Table 11 presents a summary of license 
activity experienced after the initial grandfathering 
period was closed. This same trend was identified in the 
State of Virginia and in the District of Columbia by 
Richard P. Hawkins, P.E., in an ar;ticTe appearing in the 
December, 1969, edition of the Consulting Engineer maga- 
zine. Hawkins .wrote that once the first grandfathered 
group was admitted, "... little\interest would be shown 
by. anyone in that branch and the number of applicants 
usually would fall to zero and remain there." - 

Experience a^ a Registration Alternative 

'Ujider the rul.es-and regulations of the Board, and at the 
discretion of the Board, individual examinations far 
registration can be performed either orally or by written 
examination, , or in combination. Since most applicants 
seeking a license through regular examination attend^a 
scheduled .written examination in a group situation, the 
individual examination is consider^ third and separate' 
method of becoming registered. A passing score is a 
grade of 70 percent. . , ^ ' ^ 

The examination applicant must meet one or more of the 
following requirements: (l) he must be 45 years of age, 
or older, as of the date of the 'application,, a graduate 
of an approved engineering* curriculum, and must submit 
satisfactory evidence to the Board that he has had 25 
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1. nJfi for ytar* prior to 1968 not svaDiible. 

2. * ciiciigory cloaed aftttf in^iai **grjiiiillAttierint/* 

3. Gr«n«lf«ttierlnt uaa never granti*il^-«tl rttgl||rationa l»y exait or recltirorlty . 

4. Two ex«M» ftiven in even^nuMberci) yeari—onJy tfn« •Mm given In alternate yeara. 
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TABLE 11 

CALIFORNIA LICENSE 'ACTIVITY AFTER INITIAL "GfeANDFATHER" PERIOD 

(By Discipline) 
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years or more cyf qualifying experience; or ^ 
be 50 years of age, or older, as of the date 
application, a graduate of an engineering cu 
with a bachelor; of science degree or equival 
must submit satisfactory evidence to the Boai-d 
has had 30 years or more of qualifying exper 

Reciprocity As -a Registration A^CgfTvative 

Individual examinations are also provideW^to 
through reciprpcity* This can be.cpnsiden 
common means of ^becoming registered as ^n ( 



(|^) he must 
of the 
Ticulum 
lint, and 

that he 
ence. 



Jhe Board rules and regulations state' that th,= 
must hold valid; regis trati6n as a prpfessional 



applicants 
fourth 
endijfieer.i 



appljicant 
.eng/neer 



in another stat|iinthe sUme disciplijie irfa.whkh he 
applies, and such registration or licensu«hmi)stNiave 
. been obtained by passing written examinatWis [with com- 
parable standaras to fhe examinations requirec in ^ 
California. 

d. Summary 

The granting of professional engineering;i4cerses by the 
, ' BoardJ:hrough grandfathering prOcedu^-es requires that' 
• ^ the* applicants demonstrate nine years of "qualifying 
experience:," four years of which may be met by a degree 
frdm an=- accredited engfneering program. Theni is. no re-" 
quirement foj th:e~ applicant to successfully p<iss a 
/ quali^ing examination, such as the EIT or professional 
-exami^tion, as proof of minimum com|Jetence. r 

\ With thej^ception of the long-established -"Practice ' 
act" d°i*itplin6s of civil, mechanical, and electrical en- 
gineering, "there |as b^n littHjrdwth in ^e ngmber of 
specialty J icenssef t'issue<t-by examination after an' initial 
large number have been licensed witho&t examination 
during the grandfatherjrig period. Annual ;^owth rates 
in. some disciplines have*been less than one percent. 

Individuil examiiia$ion afid rfeciprocity methods of regis- 
tration are nnfignif leant in "number compared with those 
engineers registered through the scheduled written 
.^xaminatio^ii and grandfathering methods. * 

5. General' Obse rvations 

: — ^ ■ — . • ^ 

It is difficult to "determine 4 u St what effect the, entire 
registration ;^procedure has on the health, welfare', and safety 
..of Califorriii|,o4tizens. Only three engineering disciplines 
(civil 'j-mechaiiical , and electrical) are covered under practice 
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..registration. All other disciplines recognized under the 
, Act are registration of title only. In addition, in the 
fields of electrical and mechanical engineering (two of the 
three practice disciplines), and in virtually all of the 
discipline title areas, the majority of engineers practice 
, in organizations that are- exempt from the Act. 

The differentiation, between the licensed practice and the 
Hcensed, title, the existence of the exemptions, and the lack 
of specific enforceable requirements in the Act are all as^ 
pects which raise many questions as to the purpose of the 
registration process. One clearly recognized beWit is that 
those persons who desire registration usually conduct a self- 
analysis ana, review engineering principles in preparation for 
examination. Some proponents of registration also maintain 
. -that there is a. psychological change that occurs when an 
engineer becomes registered; that registration causes the en- 
gineer to become more aware of his ftes pons ib 41 i ties, to society. 
However, these factors are subjective and intangible. 

One ftiatter which should be investigated is the requirement for 
• future engineering curriculum development in California to 
satisfy the education i^uirements of many of the newly 
approved disciplinary titles .for which there are currently no 
existing EC.PD approved curricula in' the California educational 
systen. Presently, the Board accepts graduation from accredi- 
ted programs in- ptKer disciplines.* 

Tne only justification for State registration is to ensure 
the protection of the public. For engineering registration * 
to be effect.ive in €his area;, the Act must become an enforce- 
able piece of legislation, perhaps limiting the practice of 
engineering to those who have been registered by the State, 
regardless of area of practice.' The other alternative would • 
be to fojlow the "sunset" law as adopted by some states and 
automatically el iminate. registration in engineering and in 
any other field where the Board aannot demonstrate that the 
proqess is necessary to protect the public. 

Forum on Engineering Education and Registration 

As reflected in tlie discussions in Appendix A, the needs and wants 
of society dictate the purpos^e for and direction of engineering' 
projects. Decisions "made in such projects involve tradeoffs 
between many technical and nontechnical consxi derations inherent 
in providing technology for public use. In order to assure the 
protection of the public to some degree, the State of California 
■registers engineers in one, or more of nineteen different technical . 
•disciplines. The relationstrfprbetween this State registration 
and engineering education is discussed in the -body of this report, 
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biit in.sumnary, for an ajccredited degree in engineering, the 
State grants experience equivalence toward the six years' 
engineering experience reauired.tb become registered as a 
professional engineer, / ^. 

Given the above, what is the degree of coordination in California 
between engineering education and engineering registration? 
Given the above degree of^oordination, does the licensure Qf 
engineers effectively safeguard pul?lic health, welfare, safety, 
and good?. These. questions are of current concern to policy 
makers .not only in California, but throughout the nation. 

On. July 26, 1976, Senator Albert S, Rodda, Chairman of the Senate 
Committee^on Education of the California State Legislature, con* 
ducted a forum which focused on a, piece of draft legislation 
(preprint Senate Bill 17, a nalysis following) that completely 
revised the"Ehgin^e€nngn^~TS^ (A copy 

of th^L draft legislation can be found in Appendix I.) The issues 
discussed included the following: 

- The "parameters" involved in the practice-of engineering; 

- The breadth of engineering practice; ^ 

- The relationship V engineering practice to the adeque(cy 
of engineering education (given existing needs); 

- The.najure and effectiveness of* accreditation of engineering 
education programs; ^ * 

- The n^d for and extent of .en.gineering registration in 
California; • . ' , 

- The adequacy of the current engineering regis tra-ti'on act; 

- The justification for federal goyernment^^public utility,' 
iind indjjstrial exemptions; 

- The adequacy of education related registration^ requirements; 

- The adequacy, of disciplinary licensing and "grandfathering"; 

- The question of whether an engineer "attempting to be 
' ethical" should -be protetted by the State; 

- The inclusion of a code of ethics in the registration act;. 

- The queStton'of whether the Board pf Registration sKould even 
make an attempt to enforce a code of ethics; and / 

— The question of whether the prospective benefit/ of the pro- 
posed changes wodld outweigh tnfesjotential det/iments. 
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1. Forum Planning ' . 

During the .initial forum planning period, the following 
representative groups, concerned with engineering education- 
and registration, w6re invfted to share theic thoughts on 
these issues: 

A, 

Engineering technical societies 
^ National Council of Engineering Examiners 
American Society for Engineering Education 
Industry 

.Engineers' Council for Professional Development 
Board of Registration for Professional Engineers 
California Department of Consumer Affairs 
Conservation groups ■ . 
Futurists 

, — Recent engineering graduates, and 
Legislative staff 
. <. 

To. promote extensive, candid discussion and to facilitate and 
stimulate a high quality of exchange of ideas among Repre- 
sentatives of these groups, an iriformal legislative i»*earing, 
or forum, was held. Its purpose ^was to promo^te basit position 
presentations rather than philosophical hypotheses^f 

To further stimulate -interest, 'two rather extre^jp^ai^rdaches- 
to engineering registration were r^vi^ed. One^ial to elimi- 
nate .State registration of engineers altogether; the other 
was to require that all engineers in responsible charge be 
registered. Since most engineers ttre already exempt from 
the registration. act, and since the only justification for ' 
• State registration of engineers is the protection of the 
general public, it was decided that the second approach would 
be more effective. Consequently, preprint Senate Bill No. 17, 
dated July 14, ipS, vfts drafted.. The preprint was a culmi- 
nation of some of the most current thinking on State regis- 
tration of engineers, including proposals by the National 
Council of Engineering Examiners i the National Society for ■> 
• Professional Engineers and the Board oif*Registration for Pro- 
fessional Engineers. It addressed engiijeering education, 
licensing jsequirements, examination processes, ethics and 
many other matters , all of which are' exanlined in this study.' 
(See Appendix 1.) . ~ \ 

A preprint bill is a 'technique used in the California Legis- " 
•lature to obtain reactions from the public and special -interest 
groups on legislative proposals, without the introduction of 
•,a. formal 'piece of legislation. The preparation of a preprint 
follows the same process as formal legislation. The draft is 
then approved by the Legislative' Counsel's, office andMs 
printed in standard legislation form. However, a' preprint is 
not .entered into the system nor scheduled for formal committee 
hearings-, j^. 



21 > Modification of th,e California Engineering Registration Act 

Preprint Senate Bill 17 was drafted to amend Chapter 7 of 
the Business and Professions jCode, concerning "professions 
' engineers. 'V The preprint completely reorganized the'^'^hap- ' 
ter; deleted technicyiT disciplinary titles and references; 
required t*ie registration of all practicing engineers "in 

• ^ .responsible charge"; reorganized the standing committees of - 

the .Board of Registration; added an advisory committee to 
the BoareHr added* a code of ethics* to the. chapter; and de- 
« fined the .technical and 'nontechnical considerations of en- 

gineering practice. 

a, , Purpose of the Act - . 

The only justification for registration of engineers 
Js to provide protection for the public. While it is 
" , ' . intended that the Registration Act provide for the safe- 
guarding of life, health, property, and public welfare, 
•the preprint would also safeguard the "public good-"* . 

Historically, the intention of the Act was to protect 
the public from bodily harm or from harm to public or 
private property. The addition. of "public good" exten- 
' ded the purpose and function of the Registration Act 

to cover the protection of public resources and encourage 
the.proper, fiscal management of engineering projects , 
(especially those. involving public funds), 

' . . ^ • '* 

b. Definitions 

' The preprint definition of ."engineering practice" was 
developed by the National Council of 'Engineering Exam- 
iners in the document, "Model Law," This definition 
expanded the range of engineering work covered by the 

\Act, and eliminated all references to the various tech- 
nical-disciplines of engineering, 

The current California Registration Act requires licen- 
sure by technical discipline. At this time, there are 
nineteen different licensedtechnical disciplines, , . 

This has caused extensive public confusion, and has 

* created difficulties in determiiiing where the separation 
between some disciplines exists. Many disciplines have \ 
Overlapping duties, and many newly recognized disci- 
plines, such as nuclear engineering, embody several of 

the other technical disciplines, California,, as one of 
the few state? In the nation that licenses by technical 
discipline, would b.e brought closer to the national norm 
^ by the elimination of licensure by discipline as proposed 

in the preprint- 

' . 127^ ' - ^ 
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The.Rodda preprint* also nedefined "responsible charge/' 
This term is one of ihe most important elements in 
engineering licensure. It establishes that^porticya of 

, engineering practice directly regulated by the Act- 
The remaining engineering activities are considered sub- 
professional and are not included in the licensed prac- 
tice of engineering* The incorporated definition of 

•"responsible charge" in preprint SB 17' states: "An , 
engineer is in responsible charge of work when he de- 
termines technical questions of design, development, 
application', certification, and construction, or whea 
he personally supervises engineering work." This defi- 
nition is consistent with those supported "by NCEE' and 
the National Society of Professional Engineeris. 

Preprint SB 17 possesses a section which enumerates* the 
technical and nontechnical parameters that are generally 
involved in the practice of engineering. The section 
states that life, health, property, public welfare, and 
public good are dependent upon the engineer's knowledge 
of these parameters. The inclusion of these parameters 
in the Act would provide the Board with guidelines for 
the formulation and evaluation of exams and curricula in 
relation to equivalency of experience. In con-trast, 
the present- California ^ct is primarily concerned with 
.;the technical aspects of practice, even -though engineering 
practice has both technical and nontechr^ical elements. 

Administration of the Act 

Board work, under the current Act, is divided among 
numerous, standing committees, each representing a recog- 
pized engineering tecf^nical ^disctplirie. Th:e elimination 
of disciplinary licensing arid the addition of new Board 
responsibilities under the preprint would require the 
r^eorganjzation of the Board^l* The reorganized Board would ' 
include four standing committees: the engineer-in-train- 
ing committee, the 'registration exam committee, the 
education qualifications committee, ^nd the ethics cojti- 
mittee* ' , ' ' , 

Eclucation * ^ ' 

Under the existing A^t, the Boar^ must approve curriculum 
qualifying the applicant for experience credit towards 
the six-year experience requirement. As stated in its 
, Rules and Regulations contained in the California Adminis- 
. trative Code , the Board approves all four-year ECPD- ^ • 
accredited engineering education programs as qualifying , 
curriculum and grants four years' experience credit to an 
applicant with 'a Bachelor of Science degree from such a 
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program. Currently, the' Board does not review the 
ECPD requirements in liflht of engineering ^practice 
requirements in California* The preprint would require 
the Board, as a minimum, to review ECPD accreditation 
requirements •ci^^^As previous>y stated, the practice of 
^ professional engineering has 'become extremely complex— 
a combination of technical and nontechnical parameters* 
A review of engineering curricula approved by ECPD 
, indicated that bachelor of Science degree programs are' 
heavily oriented, toward basic and applied sciences, 
with little 'or no attention given to some of the prip- * 
cipal "parameters" present in professional engineering- 
practice. However,^ the practicing engineer who becomes '° 
licensed must have 'some Vevel of- understanding of these 
parameters in order to properly protect the public 
health, welfare, safety, and good. If engineering edu- 
cational programs include these parameters, then the 
understanding derived shou^ld satisfy the -experience 
requirement year for yegir. If the educational program 
does not do 50,' then partial or no experience equivalency 
wo^ld be granted. The Board would' be required to make 
this determination under the revised^ Act. In addition, 
graduation from a' Board-approved curriculum would satisfy 
the first exam, ElT; requirement. 

'Rules of Conduct ' ' / . 

Rules of ethical conduct were included in^ the preprint. 
This inclusion \vas in accord v<ith the recommendation* by 
Ad Hoc dCoiranittee on Professional Develof»n6nt of the Board 
of Registration. The rules incorporated into the revised- 
Act included provisions from co^es of ethics adopted. by 
major .engineering societies. " • ' , 

A nondiscrimination clause, developed by Congressman 
John E. Moss, Cali^'ornia, was JncTuded witKin the 
RuVes of Conduct to protect engineering employees from 
discriminatory action or reprisals from their employers - 
as a result of exercising their professionjal, responsi- 
bilities under state law. Since ov6r 85 percent of all, 
practicing engineers are employees of others, and since ^ 
th6 preprint would include all engineers in "responsible 
charge" regiffdless" of their place of employment and tech- 
nical discipline, the exercising of responsibilities by 
an engineer in light 'of the Rules of Conduct could create 
conflicts between an engineer-employee and the employer, 
which could result in termination dr other reprisals.. 
If the Act required an engineer to exercise his profes- 
j$ional respons'ibility under state law, then the law would 
%eed to provide protection for the employee from reprisals 
%thout this protection, the enforcement of the Code 
ftwould be completely ineffective. 
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Rules of conduct have been incorporated into registra- 
^ion acts in some other states. Becausethey have dual' 
purposes, i.e., protection of the profession and pro- 
tection -.of the pubVic, the Reed^for such'rules of 
conduct in any practicing , profession has been acknowl- 
edged both by the professions and by the public. 

The incorporation of Rules of Conduct (code of ethics) 
into the proposed Act would standardize a code for all 
engineering practice and crea^te a basis' for enforced" 
compliance.' Under current engineering practice, there 
is nd mechanism to stimulate compliance other than 
■threat of expulsion from a technical or professional 
engineering society requiring .compliance with Its code 
of ethics as a condition of membership. An alternative 
to incorporating ru^es of conduct into the Act would be 
for the Act to specify that the gpard will establish 
and enforce rules of professional conduct under Board 
rule. ■ . ' - 

Registration ^ 

Preprint SB 17 would eliminate "grandfathering" and 
"eminence" as methods of ^obtaining registration.- In 
addition, the EIT exam would be waived for applicants 
with a bachelor of science degree from a Board-approved 
curriciflum. * V 

Currently, the Board may establish a grandfathering . 
period for every new technical discipline approved by 
it. This, eliminates examination requirements and bases 
registration strictly on at least nine-years of acquired 
experience. With the elimination of technical discipli- 
nary licensing, the need for grandfathering would also, 
be. eliminated. The same philosophy would apply to 
registration by eminence. Provisions may halve to be 
made for a transition period,, since as , previously sta/ 
ted, the revised Act would require all engineers "in/ 
/responsible charge" to be registered, and under Califor- 
nia .common law, a person , cannot be legislated out of 
his job— a job that hejhas been satisfactorily accom- * 
plishing for a 'specified period of time prior. to the 
passage af the law. 

Examinati on ^Conte nt 

As proposed in, theNCEE's Model Law (see Appendix F), 
the registration exam outlined in- the preprint would 
consist of two eight-hour .sections. Section I -would- 
test^'for proficiency in areas of engineering science 
and design. Section II would test, in. an essay form, 
the ability to apply both technical and nontechnical 
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knowledije as they would relate to characteristic en- 
gineering projects. • Thus, the examination reqijirements 
in the revised Act would be more specific than Jthose 
which exist under the current Act. applicant would 
'be permitted to" demonstrate his ability to apply knowl- 
' edge and. experience and assume "responsible charge." ♦ 

Exemptions' 

The revised Act would eliminate nearly all exemptions / 
and specify that all engineers, in "responsible charge" / 
be registered- Under the current, Act, industry, utili- / 
ties, and the federal government are exempt. Consequent- 
ly, the majority of engineering practice, is exempted* the 
NCEE and'NSPE have recommended that. to protect the public 
there should be no exemptions in State licensing of en- 
gineers. . I 

The general philosophy for licensure has been for a / 
state to. provide some minimum standards of competence 
that a practitioner must pass in order to offer services 
to the public- In the case of engineering practice, who 
> is the publ.^l^ What part of the public deals directly 
with ah engineer? What part of the public lacks the 
ability to determine competence without state intervention 
and protection? \_ 

Only a very small percentage of engineering (some experts 
say as little as five percent in terms of dollar value) 
.is offered to that segment of the public who lacks the 
ability to determine competence- However, the. protection 
of the public is required regardless of the ability of *"" 
.the procurer to determine competence- Thus, engineers 
working for government agencies in trertain areas of public 
works are i^equired to be licensed, even though the govern- 
mental agency may have the ability and resources to deter- 
mine competence- - *\ 

Others. believe that the legal liability of the person, 
ageh(iy,.firm, company, etc-, should determine the need 
for licensure to protect the public- If an engineer 
offered professional services directly to. a consumer, then 
he should be licensed and also carry the liability for 
the professional practice- - I*f the engineering service were 
offered through another legaV entity, such as a partner- 
ship, corporation, governmental agency, etc., then the- 
engineer, &s an employee, would be protectee! by the 
liability of the other entity. 
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•However, there are numerous anomalies in the applica- 
tion of the Act* One corporation offering mechanical 
engineerinjg services for the air conditioning ^f an 
office building must use registered mechanical engineers. 
However, the same corporation offering the s^me services 
to a public utility for an office building is not re- 
quired to use registered engineers. 

Since the application of tha current Act affects only 
a very small segment of engineering practice, and since 
the application is confused by other considerations, it is 
very difficult to enforce. The principal type of violations 
pf the Act which are brought before the Board involve li- 
cens.ed engineers with a complaint against a nonlic^nsed 
engineer who is providing services. . It is extrem^ rare 
for the Board to consider cases of incompetence- 

The elimination of exemptions under the preprint would 
create majoh considerations for those entities currently 
exempt. The question to be answered is can the public 
healthj welfare, safety, and goorf^be protected through 
liability and retribution (restitution) through court 
action, or should the process of engineering be the re- 
spdnsibility of individuals who have demonstrated mini- ' \ 
mum competence and are "exposed" to the loss of 't^eir / • 
ability to practice if incomp^nce is demonstrated?,;^.^ 
Which method best serves the public need? The preprint « 
bill would provide for both* methods by requiring that 
all engineers in "responsible charge" be registered. This 
would establish minimum standards of competence and still 
pemit an injured party to litigate cases of injury. 

Advisory Committee ' ' ' 

The preprint would establish an advisory committee, con- 
sistfng of numerous m^embers of the engineering community, 
to serve as a mechanism^ for continual evaluation of pro- 
fesional education in those areas where practicing engineers 
licensed by the State. Basically^ the advisory com- . 
mi ttee would have four functions: , (1) to prdvide for the. 
exchange of views among those concerned with the practice 
and education of the engineering profession; (2) to iden- 
tify the major needs and concerns of^the people of Cali- 
fornia as they relate to the engineering profession; 
(3) to examine eaucati on program^ and licensing require- 
ments, in light of 5uch concerns; and (4) to^make recommen- 
dations to the Board based upon the. advisory comm1ttee*s 
examination of educational programs and licensing require- > 
ments. ... 
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Summary of Written Reviews of SB 17 Preprint 

The revised Ac-t, Preprint Senate 'Bill No* 17 (see Appendix 
I), Was a compilation of the- current thinking of individuals ' 
and groups on vaHou^ aspects of engineering registration* 
It was not a formal piece of .legislation, but it received ' • 
€he same, research, analysis/ and- legal drafting as a •formal 
piece of legislation would receive* Reactions to this draft* 
bijl are reported in the remaining sections of this chapiter . 

♦ 

a. Engineering Education ' , * . 

In an lTii\ial review .of ^the preprint draft, responses 
to the following ^questions were solicited from members 
and representatives of the previously identified groups: 

- Do you 'agree tthat engineers in "responsible charge" 
(see Section 6706 of the- preprint draft) should 
have knowledge of the "parameters" listed in Section 
6709^ of the draft?, ' 

- Do California- engineering education prograrjis aciequateVy 
prepare persons to develop and utilize .technology 
needed by society? 

- Should^ the |tate Board of Registration for Professional 
Engineers become more^actively involved in engineering 

'education accreditation? 

' Responses to these ques1:ions are summarifeci in the follow- 
\ ingi section *<i^-'(All but representatives of conservation^ 
groups participated.) \ 

b. Breadth of Eaqineering Education ' 

, ' What* should Ke the cflntent of a Bachelor of Sciente in 
Engineering* prograSi? Members of the engineering profes- 
. sion have pfov'jded man^fdifferent 'answers to this question 
and will continue to do so in- the future. Although the* 
details of the answers y.ary, the engineering profession 
^ generally* agreed^^ith the. philosophy that engineering 
' students Hieed strprig foundation in basfb physical and 
• engineering science fundaniehtals, with some exposure to 
design, antl sofcial 'ancT behavioral sciences. However, how^ 
the tradeoffs areYesolved in a four-year Bachelor of 
Science in Engineering program is subject-to much debate. 

Most of thos^ respbndir^ to th§ questions on the preprint 
draft believed that, in*^ theory, it was desirable for an 
engineer .to be well-rounded, having at least some .exposure 
•to each "field of understanding." Concern was expressed. 



though/ that the Inclusion of the "fieldi of under- 
standing" 'In the registrati'on law might be interpreted 
to mean that all engineers in ""responsible charge" 
would, have to.be experts in each field of understanding. 
Others. were concerned thgt a requirement that all engi- 
neers in "responsible charge", be knowledgeable in each 
"field of understanding" might substantially reduce the 
nurrijer of- engineers eligible for positions in "respon- 
sible charge." Most persons. agreed, however, ~ttrat~em"" 
engineer shoul?i have enough exposure to the fields to be 
aware of the need to ask for the help of a specialist. 

The foil owirrg excerpts?, typical of the many received, 
reflect a general agreement that engineers should have 
a .knowledge of, or at least an awareness of, the "param- 
eters'' lisJed in Section 6709 of the draft legislation. 
For bpvity, only a few are presented here: 

Yes.\ (Cloroxr(Jorporation, ASME, Dean of . 
Engineering, California^, etc.) 

"Engineers in "responsible charge' should have 
knoWjledge of those 'parameters,' and more.". (ASME) 

"Engineecs^in 'responsible charge' should have a 
knowledge of the' 'parameters' listed in Section 
6709. While engineers' technical'skills are integral 
to safeguarding life; health, property, pub.lic wel- 
fare, and public good," good engineering design must 
accommodate ,the total environment described by 
social, Mological, economic, and political systems." . 
(Dean of Engineering, the University" of Santa Clara> 

Several respondents noted that an engijieer should. not be 
expected to, have a detailed knowledge of each of the 
"parameters" listed in Section 6709. It was. also feared 
that the addition of more "nonengineering" course re- 
quirements would substantially reduce "essential techni- 
cal training," or unreasonalily lengthen, the time reqifired 
to obtain an eng.i/ieering degree. 

Typically, responses indicated ,". \ . that, tn • 
general, engineers- in 'responsible charge' should 
Have knowledge of the parametei^s. listed. This 
does not necessarily mean detailed knowledge of 
each nor that all of them should be required courses 
in .engineering curriculum. To require additional 
nonengineering academic courses would either' dilute 
essential technical training or materially extend 
the time required in school. The former would be 
inadvisable andj:h'e latter would discourage^ many 

' • " 15G : / • 
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from pursuing engineering' careers in a society that is 
already short of tecnhical skills. Most of the non- 
engineering parameters listed are those of which a ( 
* competent eng^ineer develojps knowledge during on-th^- 
job filaining and experience after graduation, which 
in o^^bpinion, is the best wa/to .acquire working 
krtbwledge." (Pacific Gas and Electric Company.) 

Other responses pointed out the difficulty of defining 
the group oi^ngineers that should have^some knowledge 
of each of the "parameters." One question that can be 
raised along th.is Tine of thought is—Does. an engineering 
student know what type of practice he is Jestined for 
or should the educational process provicje^,i)X)tential for 
the broadest opportunities for the engineering graduate? 

standard Oil Company was especially concerned that the 
"parameters" written into law today may not meet the 
needs of tomorrow: 

» a 

"W6 concur that it is desirable, for engineers in 
'responsible charge'^ to be* well-rounded persons, 
skilled in a. specific engineering discipline, with 
a perspective gained by training or experience that 
embraces a broad spectrum df political,- so?:ia1', educa- 
tional, economic, and other considerations. .There ^*s 
substantial doubt as to whether it would be possible' 
to quantify these parameters' and .decide with assurance 
that one could measure or somehow -discern absolutely 

. that a candidate is. .so equipped.' • We are concerned 
that a list of 'parameters' written itito law, today 

' will not, per se, include the most critical needs 
• of tomorrow. The ' parameters ' wi th which this l$gis--. 
lation deals are dynamic, not static, and will vary 
as the times and needs vSsrry." (StSiidard Oil Company 

of California.) / ' 

•V 

> 

About one-third* of the" respondents did npt believe that 

engineers should have a knowledge of all .the "parameters" 

listed in Section 6t09. Left unanswered, however, was 

whether or not engineers should have at l^^tst some degree 

of exposure Ifo each of these "parameters." '"T * 

> * 

"T do not concur that an engineer in 'responsible 
charge' should have knowledge of all the 'parameters' 
listetd in Section 6709 of the draft in order to 
safeguard the public welfare* A knowledge of the 
nontechnical parameters (Communication Arts; Politi- 
cal Science, Social, and BehavioraT Science, and 
Humanities/History) is not necessary to the perform- 
ance of an engineer. A knowledge of the parameters- 
Physical Science, Engineeripg Science," Systems 
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Management, -and Biological Systems— are only neces- 
sary to engineers whose ^reas of expertise are allied 
with these fields. An engineer should have exper- 
tise.in these parameters: design/application, engi- 
neering technology, and multidiscipl inary engineering 
as' they apply to his/her area of competence. Profes- 
sional ethics and a knowledge of economics and law \ 

as they apply to engineering are also necessary." 
(Golden Gate Section, Society of Women Engineers.) 

Other firms, 'Including Hewlett-Packard Company, emphasized 
that engineers are usually only part of a team^f special- 
ists and that the individual project manager (who may or 
may not he an engineer) relies upon "accumulated experience" 
and several specialists "to ensure that the team effort is 
successful:" ConiSequently, most- engineers need to know 
only the "parameters essential to the engineering design 
itself." Additional ly,'*cdncern was expressed that if engi- 
neers in "responsible charge" were required by law to be 
knowledgeable of each "parameter," the number of engineers 
eligible for positions in "responsible charge" would be ' 
substantially reduced.. Then, by definition, most engineers 
-would be reduced to technicians with on.ly limited advance- 
ment opportunities. * ,. . 

The California State Personnel Board was concerned that only 
"bona fide" occupational qualifications Would be required, 
and was doubtful that engineers would need knowledge of 
each "parameter" to perform effectively in all^engineering 
positions. Thus, the Board wrote: 

."A general statement cannot be made that all enqineers ^ 
in 'responsible charge' should have 'a knowledge'of ^ 
all of^the parameters being proposed. -We' are concerned ^ 
that in engineering; as well as all job areas, only ' ^ 
> bona fide occupational qualifications are required. 
It is doubtful .that it could be shown that;all engineer- 
ing disciplines require knowledge of each parameter 
you- have listed in the draft 'legislation. The basic 
curricula now required allows little opportunity for 
electives. If all parameters were required, such a 
curricula would probably take more than. four years to - 
complete. ,. ' ' . \ o ' . • 

"In State service, our .engineers in 'responsible charge' 
are required to have preparation that is considered 
' appropriate for th6 special engineering 'discipline 
and job level. 'Depending on the particular engineer- 
ing disciplines, this preparation would probably 
include knowledge of some of the parameters you have 
listed." (CaliforniJi State Personnel Board.) 
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In effect, the onl^ substantial disagreement among the 
respondents over the "parameters" concerned thd^degVee of 
understanding an engineer should have of each "parameter" 
as a function of t)ie engineer's rol^e in the. tdrporate or 
agency environment. Those who interpreted Section 670$ * 
as requiring- that each engineer in "responsible" charge" 
possess expert knowledge of each "parameter*' usuaHy did , 
not believe that^ engineers, or* for that matter an^rone, ^ 
could reasonably be expected to possess fsuch a* high" degree 
of understanding rff each '^parameter-" However, those 
respondents who interpreted Section 6709 ^s^ requiring 
engineers in. "responsible charge" to have men^ an "aware- 
ness" (see V»A.2., Comprehensive Summary, 'and Vik^-Z., ^ 
Degrees of Understanding, for discuss-ion of the term f- 
"awareness" and the learnina scale used in this study) oV* 
better, depending upon the "pa^ameter"^ in question and 
the engineer's job, usually answered that such engineers 
should, to some extent, be knowledgeable of each/"paraineter-" 

Adequacy of Engineering Education ^ 

For many years, the relevancy of engineering Muca,^*^^^ 
the practice of engineering has been questiofied by; ecfecators 
anci practicing engineers alike. This debate ms r'esulted, 
in numerous studies, eight of which are/ev^^^ed in the 
second part of the detailed discussion- ^'^^ns^quently, en- • 
gineering education and the adoustmerits 4^«i.'^6ntp4^ proposed 
by preprint Senate Bill 17 (see Appendix^^' were major issues 
for inquiry during forum planning and participation • 

Respondents werelasked to present their impressions of en- 
gineering education as it related to the proposals^ in the 
preprint- Responses were varied, as some, felt that they 
were confronting legislation which would allow the State to 
"dictate" curricula- Educators participating in the initial 
review, and others, generally believgd that ECPD-accredited 
Cali.fornia engineering education programs were adequately 
prepariijg students^ to utilize technology and to meet socie- 
tal needs and wants^ The responses from representatives 
of industry, technical societies and other groups were 
mixed- The following pages present the different viewpoints 



re^nt thi 

with excerpts from, the written rfes^jonses 

Much of the praise expressed by educators, and technical 
societies for California engineering education^ programs 
applied to ECPD programs only- ^ 

"In my opinion, those California engineering education 
programs which are ECPD-accredited are adequately pre- 
paring persons to develop and. utilize technology as 
needed by oar society- Jhe accrediting process for en- 
gineering programs throughout the years has been very 
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effective in assuring that engineering programs con- 
tfinually meet the needs of the engineering profession. 
The maximum period for which 7anj? -"engineering program 
is accreciited isvsix years, and accreditation is far 
from *pro forma/ The accreditation requirements are 
reviewed annually, and changes continually occur. All ' 
of the major professional engineering societies, as 
well as the National Council of Engineering Examiners, 
participate in establishing the criteria, • These cri- 
teria will continue to change, as society's needs 
change. I know of only two California public univer- 
sities or colleges which do .not have accredited programs 
One of these is too new to be* accredited, and the other 
is a unique program, I am certain that both of these 
will be accredited in the near future," (Dean of 
Engineering, CSU, Northridge,) 

"It is the position of the IEEE that those schools 
whose programs have been accredited by theXGPD ade- 
quately prepare perso/is to develop and utiliz^ tech- 
nology needed by society, ^ ECPD has as its constituent 
members most of the technical professional societies, 
the American Society for Engineering Education, the 
National Society of Professional Engineers and the 
National Council of Engineering^ Examiners, The main 
purpose of ECPD.is to accredit programs in engineering * 
education. As can be seen from the constituent 
societies listed above, the cross section of tet:hnical 
professionals, educators, and engineering examiners 
are all involved so tha^t the proper criteria for the - 
accreditation process can.be established," (The 
Institute of Electrical and Electronic Engineers., Inc) 

In ppntra^t, industry" gene«rally expressed unrestricted 
approval of California engineering education programs, \ 
whether accredited. or not: 

"We believe that the Gal ifornir engineering^ educational 
programs are providing us with graduates who: have a 
good understanding of the * parameters, * even though 
it is^^not reasonable to expect that they could be ' 
fully informed on all of the nonengineering'parameters 
listed, ^upOn graduation. We find that m6st of our. 
engineers have strong intellectual drive and absorb 
knowledge, not only" in engineering, but nonengineering 
fields, quite rapidly in the balanced atmospherfe of 
work experience and in their personal intellectual 
pursuits," (Pacific Gas and Electric Company,) 
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"We have found that the education our engineers 
receivg from California schools is general ly'of 
a high quality and compares well >^ith the education 
received by engineers we hfre from universities in 
, other states* . Overall, the California-Educated 
' (engineers)* have a good grasp of the^technicaV skills 
necessary to perform well in the corporation and are 
sensitive to the nontechnical aspects of the engi-- 
neering profession (Union Oil Company of 

California.) 



The Dean of Engineering, California Polytechnic,- who felt 
that engineering .education programs were adequately pre- 
paring persons to develop and utilize technology needed 
by society, suggested that the quest'ion should be reworded 
to apply to policymakers: "In today's world of technolo- 
gical advance, do those persons responsibly for decision 
making on technological applications have the educational 
background to help them make wise decisions? The answer 
would have to be, 'no.*" * 

While of the. opinion that California engineering education 
programs" were adequately preparing* students, the executive 
director of ASEE pointed out that there was "still room 
for experiment." . . .v ' ' 

"California education programs -(and those of other 
states) certainly are adequately preparing persons. 
Churchill has written, 'It is already .demonstrated 
that a nation's power to prosper in/peace and sur- 
vive in war. depends very largely on its degree* of 
technological advance.' Americans have realized 
this, and it is for this reason thatitheir output 
, per capita^ and consequent standard of life are so 
' high.' In the late T9th centaury, American engineers 
studied in England, France, and Germany. In theJate^ 
20th century, students from ''every * country. 1'n the ' • 
world aspire to study in American schools. The Amer- 
ican system of engineering education is the result" 
Qf 100 years of carefuVdevelopment. Full ' scale 
Studies- have been conducted about one each decade in . 
this centuT*y'. 

"There is, of course, still room for experiment and 
progress. Currently, a fraction of American schools - 
are experimenting- with Experiential Education in 
Engineering, as a mode of preparation. The practice 
of engineering, however, cannot be entirely taught * 
in* the schools. Tbe requirement, of a period of 
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^practice before final registrcition is the recognition 
of the need for an 'apprentice* component of the 
. engineer's career* The extensive and rapidly growing 
'continuing education' component of the' engineering 
education system is concrete evidence of the engineer/s 
recognition that fQrmal schooling is on\y a part pf 
' ^art engineer's education. For the part that they do 
cover, the formal education programs in California 
and elsewhere do a superb job." (Donald F. Marlowe, 
Executive Director, ASEE;. Past President, NCEE.) 

A member ^'lEEE, who believed that present programs "were 
adequate, strongly^ questioned the need for further gov 
mental intervention in the evaluation, of engineering 
education programs: 

"I believe that jengifieering education programs are 
-.adequately preparing persons to develop and utilize • 
technology nee'ded by society; The largest e4ucational 
segments are State Ifiiiversity/College and University 
of California 'systems. All of these are State enti- 
ties. Do we need 'government. on -government?' I 
believe the Professional Societies (such as IEEE, 
ASCE,,ASME, etc.) along with ECPD anci in cooperation - 
with industry are adequate to do the job." (Region / 
VI Director ,^ IEEE/)^ ^ 

The "parameters" of engineering practice, as listed in 
Section 6709 of the' pr'epfint, and as. proper guidelines 
.for determining the adequacy jof engineering education, 
came under a great dea;i of - dis^cussion. Many believed that 
it -was not necessary for an^ engineer to have a knowledge 
, of each parameter. The pt'esident of Hewlett-Packard 
Company .emphasizeil that an engineer was ohly pairt of a 
team and that fa^ engineers ever "r^ach top level respon- 
sibility." Consequently^ although Cajifornia^ engineering 
education progranjs^ do'' not provide bis company .with engi- 
neers that have an unclerstandiiig of each "parameter,-" 
Mr, Hewlett does not believe that the engineer should be 
required-'by the State to. possess that knowledge. 

Similarly, C. F. Braun and Company responded that if 
Californfa' programs were required to provide engineers with 
an adequate understanding of.. each parameter, an "inappro-" 
priate demand would*' be placed upon* Calif orhia^e3ucat4onal 
facilities." ^ r ■ * 
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standard Oil Company of California- questioned whether any 
educational program ''can assure that industry v/ill get 

' well -funded, creative, highly, motivated, farsighted, 
sociaiHy conscious engineers. Standard. OiVs chief engi- 

.neer added: ' ^ 

« 

"The qualities that motivate graduate engineers .to 
, keep lip technically and also to be"^ concerned with the 
^'change in political, social; ethical, and economic * 

conditions cannot be imbued or guaranteed by any given 
. educational^, system or curriculum." (Sta^ndard Oil 
- Company of California.) 

Although great concern was expressed for the newly graduated 
engineers 'lack of exposure to nontechnical aspects of'en- 
gineering projects ,^ concern was also expressed for the 
limited technical training an engineer received during his 
educational process. A representative of Litton Data 
Systems reptied that the California programs were,. with 
some reservations, supplying their company with "minimally 
trained" engineers. However, "We would recommend the ex- 
pansion of the curricula to ensure an adequate foundation 
covering both technical and nontechnical parameters," he 
stated, rather than ". . . diluting the technical in favor 
of the nontechnical parameters/* ^ ^ ^ 

One engineering technical socfety, representing a specialty 
area of engineering recently established for^"t1tle" regis- ' 
tration, expressed a belief in the possible need for new 
engineering programs, particularly in* view of.^the recently 
established disciplines. 

In relation to the above statement, the, Board of Registration 
has establ^fshed eleven new categories of "title"' regisltration 
only four of v^,lch. have parallel^ accredit^.<legree$. A* 
review of California Ertgineering'.EdUcation prb^^r^ms, as sug- ' 
gested by ASSE, -would undoubtedly suggest the establishment 
of new curricula. * However, the effort 'and budgetary requiVe- 
ments necessary to establish new curricula to meet^-thte 
educational needs of the aewly licensed discipline? would be 
considerable and Would result in a substantial increal? 
workload, and budgetary demands *for the tJnivieVsity of Cali- 
fornia, the State University and Colleges system, privatg ^ 
institlitions,- apd the California Pdstsecondary Educajribn 
Coiranission. - . ^ • * 

In summary, the^written responses to preprint Senate Btll 17 
concerning the adtquacy^ of engineering education programs 
in California, contradicted much of the research on engi- 
neering education and the opinions expressed in surveys and 
interviews conducted as part of this study. These responses 
probably resulted from the "adversary environment" qijff^e 
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legislative forum, for which they were prepared. Pre- 
sently, California's registration act requires the. State * 
Board of Registration for Professional Engineers to 
approve curricula that qualifies for experience equivalen- 
cy. jTo do this,. the Board automatically accepts ECPD 
accreditation without review. At best, the Board can 
Influence curricula accreditation on ECPD's Board of 
Directors. Preprint Senate Bill 17, if enacted, would' 
, require the Board to directly examine engineering curri- 
cula In light of engineering practice. 

In addition,' the responses to, preprint SB 17 were substan- 
^tially influenced by the respondent's interpretation of 
the parameters" listed in Section 6709. Those who inter- 
preted the prpvision'as a requirement that engineers possess 
expert knowledge of the "parameters" usually responded that 
California engineering education programs do not and should 
not be expected to educate engineers to meet this requirement. 
Those who interpreted the provision as jnerely establishing 
that engineers should have at 'least an awareness of each 
"parameter" (depending upon the "parameter") usually replied 
that the'California programs were adequately preparing 
engineering students to meet the requirement of Section 
6709 and the needs ofsdciety as well'. Many of these respon-' 
ses were with reservation; however, industry representatives 
often agreed with enginefering educators in that engineering 
education programs were adequately meeting the needs of 
engineering practice-. Many industry' representatives added 
that if an employee moved into a position where there was 
a need for greater understanding of the nontechnical "para- 
meters of engineering practice, then on-the-job training 
or continued education wOuld usually fill the need. In a 
team project, these employers viewed the engineer's role as 
one^f providing technical expertise vith other team' members 
providing the nontechnical expertise. 

Accreditation 

California's current registration act provides that a grad- 
uate from a Board-approved four-year bachelor of science 
degree curriculum mgiy receive four years of experience credit 
toward the six years of experience required for professional 
registration, or four of the'nine years' experience required 
for grandfathering. As mentioned in the preceding pages, 
the Board automatically approves- curricula accredited by 
ECPD without review. Preprint Senate Bill • 17 would require 
the Board to become directly'invol ved iji the review of 
curricula.* an extreme* change from the current practice of 
the Board. Responding to whether or not the Board should 
become more actively involved in the evaluation of engineer- 
ing education programs* the greatest percentage of respon- 
dents, were firmly againsCBoard involvement. 
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Many reservations were expressecf with respect to the 
^ proposed measure* Aerospace Corporation and Pacific Gas 
and Electric Company did not belteve that the State 
Board of Registration would have adequate expertise to . 
evaluate all the disciplinary engineering programs* 

C. F* Braun and Company viewed the proposed Board inyolve- 
ment in the evaluation of engineering curriculum as "un- 
warranted interference in the private affairs of industry- 
and individuals*" 

Much of the opposition to this" proposal was based on a 
belief in the , adequacy of the present system, on a belief 
that there was no justification for a change from current • 
evaluation procedures* It should be noted that most of 
the respondents represented entities currently exempt from 
the Act* , . 

* • I would certainly not favor the State Board of 
Registration for Professional Engineers becoming dire^tjy . 
involved in the evaluation of engineering education pro- 
, grams* My stance on this question is based on my judg- 
ment that the accreditation process through the Engineers* 
Council for Professional Development is more than adequate* 
in seeijig that the engineering education programs meet 
the needs of the engineering profession* I do not think 
that the State Board should become involved in a separate 
approval process beyond ECPD accreditation*" (Dean of- 
Engine^ring, CSUC, Northridge*) 

Many respondents, recognizing some^ justification for in- 
creased Board involvement in the current process, suggested 
compromise measures* For instance, the Assistant Director 
of Educalfion and Training Programs for ERDA noted that 
communication between the licensing board and educators was 
"absolutely necessary*" ^ 

"A healthy intercourse between the licensing board and 
the educators is absolutely essential* Each is in a 
position to advise the other;- the educators to advise 
the board on what fields of study are germane to the 
objectives of licensure; and the board to advise the 
educators on the skills .required to meet licensing 
requirements* It is important, I think, to- recognize 
that the educators represent a constituency of engineers 
and the education establi^shment, while the licensing 
board represents a constituency of the public* It is, 
therefore, inappropriate for the board to dictate educa- 
tional programs, just as it is presumptive for the 
educators to certify the impact of their graduates, in 
perpetuity, on the public welfare* A^rule of reason must 
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apply in the interaction of the two groups so that 
a check-^and-balance'situation ensues, (j. c. Kellet, 
Jr., Assistant Director for Education and Training 
Programs, Energy Research and Development Administra- 
tion.) 

In relation to the above --statement, a CSPE chapter memSer 
suggested that the Board work through NCEE to improve ECPD 
• rrni^^-®^ '^^^ Operations i/or more'direct involvement with 
ECPD accreditation teams, the Vice President for Institute 
Relations at Ca-ltech suggested that perhaps a Board member" 
should serve on each, accreditation .team as aQ active member, 
rather than as just an observer. 

* 

•Other respondents approved of increased, buf limited, Board 
involvement in the evaluation of engineering education 
praqrartis. .Standard. Oil Company favored the BoaVd providing 
guidance- to engineering education programs. Along this 
same line of thought, one technical society expressed the 
belief that the Board -should be active in evaluating engi- 
neering education, but should not have a dominant role in 
the evaluation profess. 

'The Executive Director of ASEE supported the present system, 
but expressed concern aboufthe possibility that California 
may be considering developing its own independent accredi- . 
tation process. 

"In most states (and I believe in California) there is 
some cross-fertilization between the engineering educa- 
tion programs and the engineering registration programs 
through the use of common volunteer personnel. Many 
engineering deans and professors have served on registra- 
tion boards., and many board members have attended accredi- 
. tation inspections. Many engineers feel that greater - 
•participation of active, practicing engineers in accredi- 
tation visits would be helpful. \ " 

"One might read into this question an inference that 
California might consjder establishing its own accredi- 
tation system, responsive to the demands of the regis- . 
tration process. For some years. New York had its 
separate system of accredUing curricula, but ultimately 
abandoned it. .1 would suggest jbhat the requirements of 
reciprocity (or comity) among states should receive 
high priority in any such consideration. The existing 
national registration examinations and national accredi- 
tation programs were developed to ease problems created 
by the great mobility of engineers— in both their per- " 
sonar and professional lives. ^ 
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'"The matter of the Clare Committee proposals regarding 
admission to Federal District Courts in the .Seeond 
, Circuit, in which five subject areas pf study were 
specified for admission, and the consequent problems 
of the Law Schools, is a current example of the dangers 
of regulating* curriculum, decisions by means of rigid 
registration requirements. The registration process 
itself is still an imperfect instrument, probably no 
better than the curriculum development process. While 
both are still in a state of development, too rigid 
ties between them woQld damage both." (Donald E. Mar- 
* low. Executive Director, ASEE, and Past President, 
NCEE.) ' ^ 

Latent, in most of the responses was a very real dread of 
direct government intervention in the educational process. 
As\ne technical society member pointed out, the difference 
was between "direct" and "indirect" interaction. 

Those*respondents who approved of the concept of increased 
active Board involvement in. the evaluation of engineering 
education programs qualified their statements with warnings 
of the difficulties such a proposal might encounter. 

"There is an immediate need' to broaden the outlook 
of engineering technologists. The<State Board of 
Registration for Professional Engineers can facilitate 
this process. However, you must consider too that 
without proper controls built into* the system, the 
appointees with some allegiance to the Department of 
Consumer Affatrs can ride roughshod over the feelings 
of the professional engineers. Engineering is not 
really a branch' of consumerism and younger folks who * 
grew up in the 1960s and who are now involved in con- 
sumer protection often have definite anti technology 
biases. If these persoiis are not educated to the past 
and to future possibilities of the engineering ^profes- 
sion, they could introduce dangerous polarities into 
the e\^luation of engineering education programs." 
, (David A. Goodman, Futurist, Newport Neurosci^ence . 
Center. ) , . • 

The range of replies presented in the previous pages indi- 
cated that few persons favored the proposed changes. In 
fact, most respondents expressed a strong objection to , 
direct governmental intervention in engineering education. 
While many suggested increased Board Involvement within 
the existing system, each suggestion was carefully designed 
to prevent the Board from assuming a dominant role in the 
accreditation process. Those who felt that active involve- 
ment by the Board in program evaluation could be a positive 
factor in. 'the improvement of engineering education were 
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quick to point out the difftculties that such a proposal 
would face. 

In essence, participants felt that the most acceptable 
approach to increased Board involvement in program evalua- 
tion was tfrrough the existing process, first, by strength- 
ening its involvement in NCEE, and second, by having a 
Board member act as an observer with accrediting teams 
visiting-California campuses. The latter might also be 
enlarged to a role of active participation, , 

The suimiary opinion on the proposal was. heavily negative/ 
In general, engineering employers and educators, claimed 
that they were satisfied with tfte present system of 'accredi- 
tation/ Furthermore, 'as one 'respondent observed, the . . 
profession has long worked to nationalize registration 
exams and accreditation programs to ease problems created 
by the great mobility of engineers, A proposal that the 
California Board of Registration become involved in engi- 
neering program evaluation could threaten this national 
structure. This position is enhanced by the fact that the 
majority of Board members are "lay" persons with no background 
in engineering. The dichotomy ;between opinions expressed 
in the surveys and .interviews, and the responses to the pre- 
print legislation may have resulted from the fact that a 
majority of the participants in the initial review- repre- * 
sented entities currently exempt from the Act. Provisions 
of the preprint woul.d eliminate all exemptions. The idea 
of State intervention into an areS currently not influenced 
by State mandate may have had an overriding effect on the 
positions presented in conjunction with the forum. 

Engineering ^Registration ' ^ 

While no specific question regarding registration was asked 
of participants in the initial distribution and review of 
the preprint- draft, many respondents commented on the pro- 
posed changes in the nature of registration in California,. 
Most comments addressed specific concerns with portions of 
the preprint, and a number of participants, mainly those ' 
representing areas of engineering practice currently exempt 
from the Act, questioned the purpose of the prepriYit and 
the necessity for registration fn general. 

Necessity for Change 

Industry representatives were particularly surprised by ^ 
the appearance of a piece of draft legislation proposing 
to drastically revise the present engineering registration 
act, and questioned the need for change in the present law. 
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"It is not altogether clear to us exactly what 
problem is being solved by the- proposed legisla- 
tion.- If, as stated in your letter, it is an 
attempt to generally improve the quality of life 
associated with technological activities, it is in 
our judgment, counterproductive, overreactive and 
not appropriate in view of the traditional role of. • 
engineering in our society." (Vice President,^ i 
Rockwell, International.) 

"I encoujrage you to fully investigate the need 
for the suggested' legislation before introducing 
changes that might inhibit the existing success- 
ful system* Your idea of a forum soundsJike a 
good vehicle to initiate such an invest! gatioh. 
Before proposing legislation to the Senate that 
would expand engineering registration requirements 
far beyond the engineering discipline, problems 
with the present system (if they exist) should.be 
identified and carefully exami?1«d, I am sure you 
agree it would be imprudent to impose new controls ^ 
and examination requirements if none are needed, 
as such bureaucracy and constraints .would likely 
discourage a number of individuals from entering 
the engineering profession." (Senior Vice Presi- 
dent, Union Oil Company of California.) 

Registration 

The question of the need for change has its foundation in 
the conflicting opinions expressed by participants on 
the need for universal registration, especially. given 
the' corporate structure. While the purpose of registra- 
nt ion to safeguard life, health, property, public welfare, 
and public' good was not in question, respondents did 
debate the necessity of registration^? to attain this goal. 
One argument was that registration of all engineers in* 
responsible charge was essential to promote. the public 
health, welfare and good; the other was that registration 
was only necessary wnen the engineer dealt directly with 
a public who had no means of determining competency. The 
basic concerns were expressed by an official for the 
federal Energy Research and Development Administration: 

"Licensing is a process responsive to the public, 
Tjot the licensed professional. Success derives from 
the degree to which licensing improves the public 
welfare; does* it protect the citizen from, fraud? 
Does it. promote economic and safe products and pro- 
cedures?" (Assistant Director- for Education and 
Trairving Piydjrams, Office- of University Programs, 
Energy Research and Development Administration.) 



Those respondents who supported mandatory registration 
firmly believed that promoting professionalism in en- 
gineering would strengthen the engineer's dedication to 
the public. In contrast, many respondents seriously 
questioned the need for mandatory registration of engi- 
neers in Responsible charge: 

"One must question the basic proposition that engi- 
neering activities • . • must be regulated by the 
State to adequately assure the safety of the products 
purchased by its citizens. The proposed, legislation 
does not govern the safety of products. It regulates 
engineering performed by manufacturers and others 
within the State. It is not clear how regulating' , 
engineering activities within the State will be linked • 
to the safety of products purchased by theState's 
citizens. In contrast, the existing safeguards of 
product safety regulation and standards, or the legal 
precedents of the manufacturer's responsibility for 
his products has a clear one-to-one relationship with 
citizen protection," (Vice President, Engineering, 
Litton Data Systems.) 

"To require registration of all practicing engineers 
who are in responsible charge might go beyoncl what 
you- would like in dealing with the quality of profes- 
sional engineering/ Many engineers report within 
corporations and do not interface with the public. 
Certainly they must never forget their responsibilities 
to the public, but those responsibilities are ordinar- 
ily handled by the corporate interface , , 
(Professor, Chemical Engineering-^ Vice President 7or 
Institute Relations, California Institute of Technology,) 

Exemptions 

As expected, the issue of exemption from registration 
elicited the same opposing viewpoints as dl^, the need for 
registration. Engineers employed In industry, public 
utilities, and the federal government are currently exempt 
from registration. Preprint Senate Bill 17, on the other 
hand, w&uld eliminate all exemptions. This change attrac- 
ted a great deal of attention from the respondents. 

There was some strong support for the elimination of 
industrial and public utilities exemptions: 

"Deletion of the Industrial exemption is , , , confr^o- 
versial and traumatic , , ,, I believe in it inherently, 
for the uplift of the engineering profession in its 
ability to serve the public. In other words, I believe 
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legislation prohibiting the -widespread industrial 
exemption will lead to. stronger young mep and women 
^entering the engineering fields. They will see a much • 
clearer horizon for their own goals achievement than 
they do now with industrial exemption in most Cklifornia 
industry," (Associate Dean for Engineering Continuing 
Education, University of California, Los Anaeles,) 

"I think it is most-unfortunate that registration 
\o/ licensing is not essential to engineering prac- 
tice by the overwhelming majority of practicing 
engineers. I personally would very much. favor a 
change to hold a license, without exception • • 
Furthermore, I tjunk that deans of engineering 
schools and engiroering faculty who teach advanced 
subjects should be , considered as holding positions 
of responsible charge^. I realize that thet'e may be 
considerable resistance to such a change among^the 
engineering profession, and I would favor a grand- 
fathering approach for those engineers now exempted 
^roni registration in order to achieve a more inclu- 
^ 'sive group of ^registered engineers. I see no justi- 
'^fication for any exemptions. There are arguments 
offeredL^that.removing the industry exemptions would . 
require large numbers of engineers to spen^d inordi- 
nate' amounts of tjme^ toward achieving registered 
status, sometimes at significant costs to their 
employers. If that statement were true (doubtful!), 
it would stand as an- admission that large numbers of 
unqualified persons are practicing engineering under 
the industry exemption. Requiring registration of 
those. persons would be in the best i-nterest of 
society, as' well as the profession." (Dean of En- 
gineering, California State University, Northridge.) 

Most of the respondents, however, objected to the elimi- 
nation of the* exemptions, industry representatives 
argued that the en^+neering work performed within their.*^ 
companies was sufficiently covered by corporate controls, 
arid that both industry and public utilities were already 
subject t6 sufficient legal^liability and gover/iment 
regulation to assure the competence of their engineers. 

An argument was also presented in support of the exemp- 
tion of engineering educators from mandator^/ registration 
under any act: • . 
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"I believe that college and university professors 
should be either specifically exempted or included 
under a special provision in the registration pro- 
cess. As a group, these professionals have attained 
the highest levels of academic achievement having 
once undergone* more stringent examination and quali- 
fying procedures than those presented by the P.E. 
examination. However, these individuals are expected 
to have a high degree of specialization both in 
training and iij practice,, and I don't believe that 
they can be expected to display the broad and more 
general attributes sought in practicing P.E. 's being 
examined under the current method of registration." 
(Assistant Professor, EngiWring and Applied Science, 
University .of Cal-ifornia, Lo> Angeles.) 

The preprint also eliminated the exemption for federal 
employees. However, the General Counsel for the National 
Society of Professional Engineers questioned the consti- 
tutionality of this change: 

"This is only a technicality, but Section 6748 should 
be eliminated inasmuch as State licensing laws do 
not apply to federal employees while in the performance 
of ^eir duties as such-.employees. The proviso, there- 
fore, would be ineffective as a matter of constitutional 
law." 

Registration by Technical Discipline 

the present California engineering , registration law 
licenses engineers by technical discipline. There are 
19 disciplines currently recognized by the Board; however, 
only three of them .1 imit practice to licensed engineers; 
the remaining ones, limit the use*of the title. The pre- 
print would eliminate" licensing by technical discipline.- 
Additional information on licensing by technical disci- • 
pline can be found under. the summary of forum proceedinqs. 
Section 4, following. 

Respondents presented conflicting views on this subject: 



We have tried to 'come on strong' for the aBv^^ntagfis of 

a single nonspecialized registration for the last few 
years, with limited success to date. Now it is definitely 
included in the thrust of the new proposal." (Associate 
Dean for Engineering Continuing Education, University 
of California, Los Angeles.) 
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"Jhe elimination of engineering specialties and 
disciplines from licensing provisions could 
decrease the technical skills required- to engineer ^ . 
safe, reliable products—thus being counterproduc- 
tive." (Vice President, Rockwell International*) 

EIT Examination . 

A number of respondents agreed with the proposal to 
eliminate the EIT exam requirement for graduates of ECPD- 
accredited engineering programs. Most, however, added an 
internship subsequent to'graduation as a qualification,^ 
and felt that the experience gained therein s hould be sub- 
ject to Board approval . 

"I have long regretted that the engineering; prpfes-* 
si on is the only onei to iny knowledge, that does not 
give the registration examination to the immediate 
university graduate. If an experience component \ 
subsequent to graduation is required for registra-j 
tion, I would suggest a period of internship subse- 
quent to graduation from an accredited program, but 
not necessarily prior to taking^ the registration 
exam* The Board would pass on -the appropriateness 
of the internship prior to granting registration to 
the iadividual/* (Dean, School of Engineering and 
Computer Science, CSU, Nor^ridge-) 

"Inasmuch as it is proposed^-to break some significant 
new ground in this bill, would it not be advisable 
to take a major step to eliminate the engineer-in- 
train.ing concept altogether? In its place, I would 
propose consideration of the approach indicated in* 
the enclosed NSPE publication, "A New Cbncept for 
Engineering Registration." Under this concept in 
place of an EIT status, all qualified registrants 
would be licensed as professional engineers with the 
proviso that those entering the profession would not 
be authorized to offer services to the public or to 
certify engineering documents until' they met the 
experience requirements as determined by the Board." 
(General Counsel, National Society of Professional 
Engineers.) 

Rules of Conduct , 

Rules of conduct for professional engineers. were included 
as part of the draft legislation. Respondents had two 
primary concerns about the rules: First, most felt that 
the rules did not belong in the, body of the act. They 
felt that the Board should be mandated to establish such 
a code under the Rules and Regulations of the Board of 
Registration for Professional Engineers. 
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Second, they were concerned about the inclusion in the - 
.rules of conduct of a section protecting the engineer " ' 
from discharge or discriminatiorr by'his employer in the 
event it became necessary for the engineer to report 
violations, of the chapter occurring at his place of 
employment to the Board. 

"It would be preferable, I suggest, to not include 
_ the specific Rules of Conduct in the law itself, 
but rather to authorize the Board to adopt rules of 
professional conduct .... The rules should be 
subject to revisions from time to time as new insight 
is gained and conditions may change. If the rules 
are in the law itself, it will be necessary' to .-seek 
amendment of the law . . . if the authority is given 
to- the Board to adopt the rules and amend them as " 
needed, the legal aspect can be better treated by 
administrative actiflfi^of the Board rather than through 
amendment of the law by the Legislature." (General 
Counsel, National Society of Professional Engineers.) 

"... the remainder of these sections leave an invi- 
tation for an immature of disgruntled employee to 
unjustifiably wreak havoc with a project by creating 
disturbance and delays, and thereby add seriously to 
the project cost. His reasons might be real, but 
far more likely would stem from inexperience or ina- 
bility to understand,, or would arise from purely 
philosophical views motivating a wish to harass or 
stop the project." (Senior Vice President, Pacific 
Gas and Electric Company.) 

"It could create serious personnel conflicts within 
a company as the engineer seems to be separately 
responsible t6 the State for the public-good aspects, 
. although he is still piid by the employer. Such 
problems must move to Sacramento and possibly the 
courts for resolutionjv Administration and adjudica- 
tion of this system toSjld be a nightmare.". (Vice 
President, Research and Engineering, Rockwell Inter- 
national.) 

Effect of Proposed Changes 

While some participants agreed with the executive director 
of the National. Council of Engineering Examiners that 
" . . . the tentative draft is a well -prepared document 
(see Appendix I) and should strengthen the laws per- 
taining to engineering registration . . .," most indi- 
viduals, particularly those from industry, expressed 
doubts about the future of engineering in California 
should ttt? proposed chMi^es be enacted: 



152 

174 



"One must also question what the potential economic 
impact will be to the state passing such regulatory 
legislation of engineering activities. Most products 
having substantial engineering content that are 
manufactured in one state are sold in other states 
or countries. Some products are not sold at all within 
tfie state where they are manufactured. Almost all 
products purchased by citizens of one state are irfanu- 
factured in other states or imported.. Consumers will 
tend to buy the cheapest suitable products regardless 
of where they are manufactured. There is little 
question, that engineering costs, hence product costs, 
will be increased due to the limited supply of suitable 
registered engineers. Manufacturers located in states 
having such legislation will be noncompetitive and 
will suffer reduced busifiess volume or will consider 
relocation to other states. States having such legis- 
lation probably will tend also to discourage new manu- 
facturers from locating in that state due to increased 
cost of engineering services and the relative difficul- 
ty in filling engineering job openings in case of 
needed rapid expansion. The state will lose work 
force and revenue dollars from pursuing such a course ^ 
of action. The state cannot remedy this situation 
by imposing a requirement that all goods imported into 
the state also be manufactured under similar conditions 
as this would be an unreasonable restraint of trade 
under the Interstate Commerce Clause of the Federal 
Constitution.^' (Vice President, Litton Data Systems.) 

Summary 

Central to each issue- on which comments were offered was 
the primary conflict of opinion over the need for registra- 
tion. Some educators, and few individuals from technical 
societies, supported mandatory registration and the balance 
of proposed changes. Industrial representatives and the ^ 
remaining individuals opposed mandatory registration 
^and the corresponding proposals. 

Judging from the'initial responses to the subject of 
registration and administration of the act as presented 
in the preprint, the draft was neither accepted nor re- 
jected. • The issues^raised by the proposal have existed 
for many years and remain unresolved. • As one respondent 
pointed out, "... the assessment of value of licensing 
must be accomplished by a broader tjased group than repre- 
sentatives of only the edacational communTty and the 
practitioners themselves." This was attempted, but the 
nonengineering" groups felt incompetent to contribute.. 

*■ • 
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4. Summary of Foruro Proceedings 

The public fori^n on Preprint Senate Bin No. 17 was held 
on July 26, 1976, in a' Senate hearing room in the State 
Capitol. Five/ panels were assembled, each dealing with 
a major aspect of t*he preprint TegTslation: • (1) justi- 
fication for registratfon of engineers; (2) education 
requirements /for .registration; (3.) qualifications .^or . 
registratTon,-, (4) miscellaneous requirements and provi- ' 
sions; and C5) industry and public utilities exemptions 
The panel is/ts represented engineering societies, in- 
dustrial management, educational administrators, educa- f 
tors, praotTcing engineers, and engineering unions. / 
Senator Rpdda was assisted in conducting the forum by ' 
staff consultants to the key legislative committees and 
a past member of the Board of Registration for Profes- 
sional Engineers. Senator Rodda's opening statements 
made i^ clear that the forum was to be held in an informal • 
manner to stimulate frankness and candor in presentations. 
Nevertheless, most of the presentations were quite formal, 
andre^ented stronger positions than those presented - 
arnrrroted during the fdi^uirh- rev-iew. 

A-complete transcript of "the forum was made and has been 
retained as part of the file on this project. The follow- 
ing sections present ^ brief. discussion of the principal 

1 S S U6S • 

3- Purpose of Engineering Registration 

Forum participants -generally agreed that the purpose 
of engineering registratfon should be to safeguard 
public health, welfare and safety. They also agreed 
that the existing registration law should continue to 
serve as the foundation- for engineering .registration 
and should be changed only when a need far change 
was demonstrated. ^ - 

b. The Need for Change/dustifi cation' 

Participants in the 'forum disagreed among themselves 
on the need for change* Three major schools of 
thought were Identified: \ 

(1) There is no need for change. Existing institu--^ 
tions are serving "us" well. 

(-2) There is a need for change. . improvement in the 
existing institutions is possible. However, this 
. . improvement should be "evolutionary" instead of 
"revolutionary." ^ 
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.(3) There is a need for drastic* change* 



"The many exemptions in the present law permit 
intense economic pressures for competitive'" ^ 
businesses to prevail over sound engineering 
judgment. The registration of engineers in 
separate specialties has created an explosion J| 
of new registration disciplines under j)ressure 
from specialized engineering "groups attempting 
' to regis^ter their members by "grandfathering" 
rather than by examination*" 

Forum participants gave the most support to the first 
two schools of thought. It must be noted, however," 
that most of the testimony probably represented 
management level positions in large corporations and 
policy level positions in major universities. 

Those who supported "t1ie first school , of thought did 
not believe in' a need for chahge. In effect, ^it 
was said that "Engineering enterprise has brought 
enormous success to California under existing institu- 
tions." Numerous examples of these successes were 
cited, includyjg California's leading posiJ:ioa in 
agriculture, 4erospace, electronic- and computer-based 
industry, and environmental quality management. One 
individual added, '"Engineers with vision, creativity, 
industry^ and education at advanced levels have been 
vital td all of these and to the living we now enjoy." 



Those who. supported the second school of thought recog- 
nized that the complexity of engineering practice 
required "evolutionary" change rather than "revolution- 
ary." Those who viewed gradual change as more effective 
and J}eneficial than rapid change were self-employed 
engineers of small consulting firms 'and employees of 
large companies whose professional responsibilities 
were "diluted." 



Those who supported the third school of thought stated 
that "The Registration Board was unsuccessful in 
eliminating many flagrant abuses of J|he Professional 
Engineers' Act." They pointed out that the new special- 
ty categories substantially increased the Board's 
commitments to processing applicatibns and made it 
nearly impossible to enforce an already unenforceable 
law. These individuals supported mandatory registration 
of engineers in "responsible charge," arguing that the 
large number of uriregistered- engineers in industry cqjuld 
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continue to practice under the responsible charge of 
a registered professional engineer. They concluded 
that, "The proposed legislation would provide the 
public with protection from technological injury at 
virtually no increase in cost occasioned by adminis- 
tration of the Act or by displacements in private 
. industry." 

Definitions 

For many years there has been considerable debate 
^concerning the definition of terms commonly included 
In engineering- registration laws- P^reprint Senate 
Bill 17 was drafted to stimulate discussion and clar- 
ification of these definitions 15/, 17/, ]8/, 
which were extensively. criticized during the forum, 
•Although some participants believed these definitions 
to be an improvement over some of the existing ones, 
there was a consensus that clearer definitions -should 
be .formulated before changing the existing definitions. 

Education 

Forum participants "generally agreed that California 
engineering education programs were doing a good job, 
Jhey believed that t+ie needs of a diverse job market 
were being met by' the wide variety of engineering 
•education programs in California, . 

The participants did not' agree on whether or not 
engineering students should be e^cposed to all the 
"fields of understanding," and on what the extent of 
exposure. should be, -It was. pointed out that only a 
limited/amount of course material could be "squeezed" 
into a four-year program, ^ / - 

The question of teaching technology to engineering 
students was also discussed. Participants generally 
agreed that if was' impossible and impractical for 
universities and colleges to teach students technology, 
because it changed too quickly. Most agreed that the 
current emphasis on fundamentals should be continued, 
rihis position taken.in the'forum contrasted" obi ique- 
ly with feelings expressedby individuals determined . 
in other. parts of this- study.) 

t *■ 

Only one major criticism of engineering education was 
expressed in the discussion. The president of an 
engineering society representing 7,000 engineers staged 
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that engineering students were not properly prepared 
for employment in large industry: 

. . They don't hear anything about the loss 
of identity, the profit-motivated policies carried 
out mainl/ by personnel and other labor relations^ 
people .... We find, particularly in the aero- 
space industry, quite a few leaving after the 
first year because they are 'becoming a •number and 
they are marching to a different drummer, so to 
speak . . .." 

Rules of Conduct 

Most participants were extremely critical of the rules 
of conduct and did not believe that such rules should 
be included in the Engineering Registration Act, par- 
ticularly since numerous engineering societies, such 
as NSPE and NCEE, already have a Code of Ethics. 
Generally, it was felt that the engineering profession 
was doing an "excellent job of establishing and main- ■ 
tailing exemplary standards of conduct in^ engineering 
matters and that the proposed legislation would, without 
enhancing these standards in any way, create turmoil 
within the profession by injecting new responsibilities 
of an ill-defined nature into the professional relation- 
ship." This position was not 'unaninjpus, however. 

The principal of a large civil encfineerihg firm noted, 
however, that individual society codes of ethics 
•actually had "no effect and force" on practicing en- 
gineers* If an engineer failed to adhere to the' 
prescribed code of ethics of the engineering society 
of which he was a member, the society could terminate 
his membership; but it couldn't prevent him from 
practicing. j 

The rules of conduct in^tndeiLin the Act were comprised 
of provisions from the code of ethics of NSPE, NCEE 
and ECPD. Interestingly enough, many of these provi- 
sions received substantial criticism by participants. 
A nondiscrimination provision, similar to 1:he one 
included in HR 14068 (94th Congress), was extensively 
criticized by engineering -management. The provision 
reads: ' ^ 

"No employer shall discharge or in any,manner 
discriminate against aay employee because such 
employee has filed any complaint or instituted 
o^r caused to be jnstltuted any proceeding under 



157 



173 



or related to this chapter or has testified or 
is about to testify in any sujch proceeding . 
or because of the exercise by such employee 
on behalf of hifself or others of any right 
afforded by this chapter/' (Section 6710.3(a)). 

Under the provisions of • the bill, the Board of Regis- 
tration would be given the power to investigate 
such discrimination complaints and bring appropriate 
court actions* Engineering management ^believed the 
provision would introduce the government as a third 
party in employee-employer disputes and subvert 
responsible management' practices of large companies'* 

In summary, there was some agreement among partici- 
pants that rules of conduct might be more appro- 
priately placed in the rules and regulations of the 
.Board of Registration for Professional Engineers 
rather than having them specified in the Act. 

Registration 

Several major aspects of the* registration process were 
discussed, including the elimination of "grandfather- 
ing," disciplinary licensing, waiver of the EIT exam 
for graduates of ECPP-accredited engineering education 
programs, and the content cf the professional engineers' 
registra.tion exam* 

The majority of the forum participants were opposed to 
the elimination of ''grandfathering" and -disciplinary 
licensing. Currently, when a new discipline becpmes \ 
licensed there is a "grandfathering'* period during which 
persons practicing in the discipline may obtain regis- 
tration based upon their references and work experience* 
Few take the ejcaiii once the "grandfatherit^g" period has 
ended, unless registration 'is required by that disci- 
pline of engineering ^practice. Those who opposed 
Preprint S^ate Bill 17 provisions to end these practices 
argued that specialization In engineering necessitated 
disciplinary licensing and that the "grandfathering" 
process was at least as effective as the examination 
process In determining whether an applicant, was quali- 
fied to practice in a particular Vield of engineering* , 
Those favoring the elimination of "grandfathering" and 
disciplinary licensing argued that these. practices had ' 
recently brought the existing r;egistration law to a ' 
State of ofrisis. One engineer noted: 
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"Within the last year alone* more new registra- 
tion titles have been added than were established, 
in this state in all previous time. The initial 
applfcants in the new disciplines will not be 
required to pass the usual qualifying examinatiojM# 
therefOe, the public will not be assured of the^ 
competence* This avenue cannot now be closed 
under the existing law since there are presently 
recognized over 100 specialties in the field . 
of engineering and more can be defined virtually 
.at will . I r 

"But the problem does not end there* Even before, 
these latest additions, the Registration B^ard 
was unsuccessful in eliminating many flagrant 
abuses of the Professional Engineers Act. With 
these latest additions, and the others sure to 
follow, the enforcement problems are greatly in- 
tensified at the same time that increased staff 
commitments to processing applications will be 
required* Thus, the present law which is already 
ineffective will become even more unenforceable. , 

"The legislation proposed in your -l^reprint Senate 
Bill No. 17 is a magnificent solution of the type 
longt proposed by professional engineers. The 
simplicity of administration Qf the single regis- 
tration will assure thre public oi^ a minimum level 
of competence witff all registered engineef's whil? ^ 
freeing the registration board staff for enforce- 
ment duties or, investigation of malpractice* The 
problem of establishing when specialized services 
must be obtained to provid^e the "area of compe- 
tence"^ rests clearly with the professional engi- 
neer who is 'also in the best position to determine 
where such services are requirec} in any given work. 

"The offending -industry exemptions are eliminated 
while still permitting the large number of un- 
registered engineers in industry to continue to 
practice under responsible charge of a registered 
professional engineer. The legislation proposed 
would, therefore, provide much greater protecJ:ion 
for the public from technological injur)^ at vir- 
tually »no increase in cost occasioned by admin^istra- 
tion of the act or by displacements in private 
industry*" (Statement prepared by Robert J. Bent-^ 
son, member and director of the Structural Engineers 
Association of Northern California and delegate and 
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president of the California Legislative Council 
of Professional Engineers.) 

Several persons disagreed that "grandfathering", was 
an effective method of determining competence. They 
~ held that "... testing was more effective and 
equitable than 'grandfathering,' and ensured equal 
, - treatment of applicants; and that the elimination of 
gi^andfathering' and 'disciplinary licensing' would 
. simplify the registration law, making it- possible to 
.more effectively enforce it." Both engineering 
^ management and educators who opposed these provisions 

' Preprint Senate Bill 17 argued that they would 

serve orrfy the licensed practitioner at the expense 
of the public. 

« 

Unlike the issue of "grandfathering" and disciplinary 
licensing, panelists generally agreed that the EIT . 
exam should be waived for graduates of ECPD-accredited 
engineering educal^onprogVams. 

^ The content of past professional engine^ing exams 

was questioned by a substantial number of forum par- 
ticipants. Several viewed the questions as "academic," 
and suggested that the examination be lengthened and 
severa,! essay questions be added concerning general- 
aspects of engineering practice within a social context 
' Others did not believe it was possible to measure an 
individual's competence through 1;esting, and suggested 
, that more weight should be given a person's credentials 

J Some believed that it was not possible to measure 

competence until something negative happened. They 
. y"^ ■•'elt that it was impossible to take effective preventa- 

tive action and suggested that the only method of 
protecting the public was th»;6ugh court action. This 
threat of 1 iabil ity , they reasoned, would deter people- 
from knowingly doing something harmful to the public 
health, welfare and safety. ' « 

g. Exemptions • . ' ' ' 

Most of the forum participants opposed mandatory regis- 
tration for engineers in "responsible charge" for a 
variety of reasons: " - . - 

(1) It is too difficult to define the lines of'respon-' 
sibilfty for extremely complex products. 
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(2) Thet differentiation of responsibility among 
various, engineering disciplines, and differences 
in State registration would result in "fierce" 
record-keeping problems. 

(3) There is "no evidence connecting the PE examina- 
tion with the sophisticated and involved 
analyses and decisions required in real life 

• .situations, and safeguarding the public." (State- 
ment prepared by' General Managef of in San 
JoseO ^ 

I ^ 

(4) Mandatory nonspecialized registration laws would 
create extensive problems for interstate commerce. 

(5) The only justification for registration is to 
-protect the unsophisticated consumer. Engineers 
usually do not, however, litteract with the public. 
This interaction is the responsibility of cor- 
porate management. Consequently , there is -no 
justification for eliminating current exemptions. 

(6) Mandatory registration laws would" increase the 
production costs of many* goods. 

Slinynary - \ ' ^ 

Preprint SB 17 incorporated most^of the elements that 
hay^ been of concern to^ the profession in engineering 
education, societal needs, and the licensing of en- 
gineers in the State of California. Numerous articles 
have been written, studies have been conducted, and 
speeches have been made on these subjects. However, 
the threat of State intervention into areas that have 
been controlled by entities other than State government 
caused ^public e)^pressions of concern for every aspect 
-of the draft legislatibn. There was little support 



concern felt^ 
ill was' so 



for the proposal from any one group sincet 
by each for a particular element of the b( 
great that the entire draft, was cha.llengeq. Those con- 
cerned v^ith engineering educational programs feared 
the loss' of volunteer control of accreditation and 
State-6stablished standards of curricular acceptability. 

Those repres enting. manuf actur i ng companies.. were ..^ _ 

cemed ,over the proposed loss of exemption and, the * 
attendant requirements imposed upon compan^ies for use «7 
of engineering talent. Those groups representing dis- 
ciplinary segments in the engineering profession were 
concerned ovejr the potential loss of the use of a title 
that had been established after much, effort with -the 




Board of Registration. • They saw po need for single 
registration and opposed the elimination of "grand- 
fathering provisions. Representatives of groups 
currently covered by the practice provisions of present 
law displayed concern for the inclusion of. all engi- 
neering practice under the proposed legislation, <tnd 
opposed the draft for this reason. The same groups 
also found the incorporation-, of rules of conduct into 
the proposed act quite distasteful. Groups that had 
proposed specific changes in the. Act in "the past even 
criticized those same changes in the draft legisUtion. 

In general, there was an attempt made to limit the 
application of the Act to a small number of cases in 
which a property owner employed a land surveyor to 
resolve a' boundary-line dispute with his neighbor, i 
It was felt that the, only justification for State 

• intervention into the free marketplace was for the 
protection of the uninformed citizen from damage ; 
caused by an incompetent practitioner offering ser- • 
vices directly«ito citizens. It would be difficult - 
to justify engineering licensing in California base4; 
upon such a narrow application of the Act. 

• Conclusions from the Forum Proceedings 

The following conclusions could be draWn from the pre- 
sentations given at the forum. These should be compared 
with other data gathered during the study. ' 

(1) Engineering educational programs in/talifornia 
are providing all of the necessary requirements 
for industry an3~are sufficiently diversified to 
satisfy the breadth of marketplace needs; 

(2) , The current' examination -requirements. Including 
grandfathering, are adequately ensuring competent 
engineering practicel 

(3) There, i.s n£ need for mandatory < licensure of engi- 
' neers, since industry is liable for any injury 

that may occur from ^incompetency; 

(4) Disciplinary licensing is_ better than nonspecial.- 
ized or-single professional registration; 

(5) There is no need for the incorporation of a code 
of ethical practice as part Qf the Registration 
Act; " . 
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, (6) The only type of engineering practice that * 
should be licensed in California is a small 
segment of land surveying that is offeriH 
directly to a citizen, not a public agency or 
^ private industry that has at its own disposal 
the ability to deteVmine competency without 
State intervention; and • 

1^7) The general public in the .State of California 
is_ well served by the current educational 
system and registration practices, and where 
problems exist, they should be resolved .through 
court action to determine liability* 

: ^ ^ ♦ 

It is apparent from these observations that,, under 
the threat of state-mandated efforts, the positions 
' taken by nearly all participants were quite jlifferent 
' from those positions taken previously by otheVs when 
there was no threat of government mandate* 
^ J ^ , 
5. Gelifiral Observations i 



The objectives of the forum were effectively fulfilled, 
and the major issues affecting the complex profession of 
engineering were illuminated, California representatives 
of the engineering community were able to present their 
respective positions on the coordination between engineer- 
ing education and registration and oW the effectiveness 
of registration in providing protection of the public* . 



forum was, structured to effectively stimulate discussion 
of proposals in the draft legislation which addressed en- 
gineering education and regi strati on • ■ These proposals 
elicited the presentation of policy positiQns on the basic 
issues* 

Forum participants generally agreed that current California 
engineering education programs prov.ide a variety of engi- 
neers with the knowledge and skills. necessary for the needs 
of the diverse job market. This position contrasted with 
the recommendatipns of many prior studies and with^the 
results of interviews conducted in this study. This di- 
chotomy 'may be attributed to the fact that the preprint 
carried the threat of government intervention, while the 
prior studies and interviews were only the expression of 
opinion' subject to debate. 
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Participants- also generally- believed that the current 
Registration Act was satisfactory and that there was no 
justification for any change in the law. They supported 
disciplinary title registration and the proliferation 
of new engineering registration categories 'with attendant 
grandfathering. They also strongly supported industrial 
and public utility exemptions. 

The popular opinion of the representa'tives was that only 
that portion of engineering- practice offered directly to-- 
the "uninformed" publ;c should be subject to registration • 
u^der the Acf. Members of Senator Rodda's hearing panel 
explored this position with the participants. As an 
example, it was explained that a surveyor could be con- 
tacted through a telephone listing by a property owner 
attempting to resolve a boundary dispute with his neiahbor. 
Because of this direct contact wfth the uninformed public, 
the surveyor should be licensed. 

All other engineering is offered to, or conducted by, pub- 
lic or private entities that have the ability to determine 
competence. The public is protected, according to forum 
representatives, by the sophistication of engineering 
employers. Statistically, under this concept there is. no ' 
justification for the registration of a major number of 
the approximately 52,000 engineers presently registered . 
in this state. ' . . 

Forum participants also firmly believed that legal liability 
was the prime motivator for the protection of the health, 
welfare and safety of the public. The threat of litiga- 
tion encourages engineering competency. Critics of this 
approach maintain that" while litigation against the incom- 
•petent engineer o^ company is'orie method of protecting ^ 
the public, a much better approach would be to prevent'-'^inX • 
.jury through registration which would eliminate the ' / 
incompetent, rather than depend upon a system of retribuA 
•tion and restitution. ' \^ 

The positions presented at the forum indicated that the 
education, of engineer? will continue to be heavily influenced 
by those concerned with the process, educational institutions 
and educators, and that any attempt by the State to estab- 
lish general standards for engineering education programs 
will be actively opposed. Also, the positions indicated that 
the various disciplinary segments in the engineering commu- 
nity did not see any justification for a broadening of the' 
coverage of the Registj?ation Act and would not support any 
effort -to do so. 



\ This- study addressed the role played by the State in the* 
protection of the public* It was Vecognized that the 
major portion of -all engineering is conducted through a, 
legal entity other than an individual practitioner. It* 
also appeared that*there was no interest in having the 
State establish minimum standa.rds of competency and 
administer a registration system affecting all engineers 
in all modes of practice. The preference, by the profes- 
sion and engineering employers, was to keep the State out 
of the process through exemptions for industry i utilities 
and. federal practice. However, some of the major prob- 
lems in engineering projects which resulted in loss of 
life, werl experienced in areas exempt from registration 
laws, despite the fact that many of these projects were 
subject to established State and federalregulations. It 
appears that the current^trend in society will continue,, 
that the threat of liability and damages awarded by ^the 
courts will ensure the competency of the ^practitioner. 




ENGINEERING ADvfsORY 'COMMITTEE 



A. General Backg round 

^ ■ > 

The principal objective of this project .was to identify a . ' 
system for the periodic evaluation of engineering education . 
and licensing programs to ensure that the needs of society • 
are met by the practicing professional. It was reported ' 
• • differences existed betweep these elements and 

. Jh^there was v|ry little evidence of any coordination among 
them. Although it is recognized that, in a free society, the 
A independence of^he postsecond.ary education system^must be - 
; insulated from adverse,. near-term policy influence, it has-jA 
/ also been recognized, by the California State Legislature thlT 
coordination and planning are vital elements in providing 
postsecondary education" with the capabi-lity to meet the 

°1 ■'^^®'B^?P^^- (Californ-ia Education Code, Section 
22710, Ch. ^r^) , " " ' 

.Concerted efforts have beSn' made to bring representatives 
of the practicing profession into the review and accrediting - 
• process, but the educational system has remained' relatively 
independent from outside evaluation. The" Engineering. 
Council for Professional Development. has a' national charter 
for the periodic review of the four-year undergraduate program 
in engineering, but the organization's efforts to involve 
representatives from industry and the practicing community 
have not been totally successful. -Consequently, the accred- 
iting cofnrnitUee is composed 'of a majority of engineering 

..educators. Also, the accrediting process is somewhat limited 
to the curriculum offered in the first two years of a four- 
year program. . * 

The Board of Registration for Professional Engineers has 
standing committees on educational and disciplinary require- 
ments, but itj too,*as historically and automatically 
accepted the accreditation requirements established by the 
Engineering Council for Professional Development, and .has 
g^ven little aftention to the relationship of the licensing 
process to the practice of engineering in society. 

The Californi'a Postsecondary Education Commission's charter 
has been limited to general evaluations of the .need for en-' 
gineering programs in light of prevailing demands for 
specialized engineering manpower. The Commission, with it's 
responsibility for program and budget review, has been care- 
fu^not to include curriculum evaluation. 
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As the practice of engineering becomes more subject to - 
public policy established by the State and federal govern- 
ments, and al tedfinical^ options are increasingly more*, 
influenced by social, economic; .political , en>fironmental , 
aesthetical, »auid Ijegal constraints, there is^an increasing 
necessity ^to develop some method of continual evaluation 
and-cdordination that wi IT correspond to the shifting 
problems and needs of society • The Commiss^ion is a possible 
vehicle for accomplishing this through the formation of an 
Engineering Advisory Committee wder its €?xisting mandate, 
(See Appendix This advisory concept is also 'applicable 
to other professions^ such as medicine and law, where ,th.ere 
are formal degree programs in the postsecondary institution 
and State licensing requirements for the practitioners. 

Establishment and Goals of the Advisory Committee 

The Commission on Postsecondary Educatioji, tinder existing 
mandate^nd-A'4thin-es*aW"ished goals and ofej^ives (see — - — - 
Appendix J), should establish the Engineering Advisory Com- 
mittee. The propQsed Committee, -within the 'structure of 
the Commission,' would facilitate the accomplishment of the 
following general goaJs:ai^^ ' ' 

1, To delineate the "fields of understanding!." -that charac- 
terize the practice of 'en3ineeripg as it relates to 
evolving societal needs, 

2, To. evaluate and make recommendations concerning ^ngi- _i 
• neering j^urricula in light of the, "fields of understand-^ 

ing" and encourage its adaptability to €he broad demands 
- of engineering practice and its- correlation with societal 
4^ needs, . ^ ^ t . 

>p 

3, To evaluate and make recommendations concerning the engi- 
neering registration process as it relates to and 
reflects engineering practice, education and societal ' 
ne6d§:- 

ft 

'4, To issue reports of fij3di nigs, and recommendations to' in- 
crease publ-ic awareness and understanding _of the inter- 
' action of engineering education, licensing and registration. 

Composition of the Engineering Advisory Cpmrnittee^ . • - 

. Tfja mejnber^hip of the .Engineering Advisory 'Coipittee would ' ^ • 
v-s'e'nve' cit ihe pleasure of the Commission,- aqd would be -composed 
of, but npt necessar41y Jimited ,to,,Tepre'^ientatfv^s fr-om, 
varitfus* segments ia-the prcffessloD'and society: , * \, 
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a. ' Postsecondary educatlon^ mtitutions * ' ^ > 

b. The practicing engineering-profession 

c. Engineering employers 
' d. Public pplicymak-ers 

e. -Consumer groups j 

f. The Board of Registration for Professional ^ ^ 
Engineers - • 

g. Department of Consumer Affajrs. 

h. Engineering students 

i. Science education in secondary schools 

Recognised representative organizations should be solicited 
for rj^ominees "^appointment to the Advisory Corranittee and 
appointments should be made so tKat no single group would 
constitute a majority on the Committee/ One staff person 
should be appointed to s^rve the Committee's administrative 
needs. Additional staff should be. provided based upon the ' 
Coiranittee's approved plan for program review and evaluation. 
The staff 'would assist the Advisory Committee in formulating 
recommendations, preparing them for presentation to the Com- 
mission and th^ Board of Registration for Professional 
Enginfeers, and represent. the Conmisrsidn to.-the Board, as 
required. ' 

Duties of the Advisory Co^ttee ''\^ 

The Engineering- Advisory Committee would have the following 
duties: ^ ' • . . ' / . ' 

^•5. Identify major needs and corLcerris of the people of 
-California as they^ relate to the practice of 
engirreering,-^ * ^ ^ ' - • 

. :b. Examine exi^tirig^ and proposed professional engineering 
' ' education programs inflight of public concerns; 

\ ^ 'Develoft recommendaf-ions for program modificatioh or 
^ ^^pecial proj'ects to make engineering education pro- 
Jjf grams relevant to engineering practice and submit 
^ these recommendations to the Commission; 
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Define the job market parameters which affect \ 
future engineering manp|(fer requirements; 

Develop criteria for budget, analysis of.engineer- 
ing education programs to be used in program 
analysis and in the review of new pr.ograms; 

Formulate counseling criteria for the four segments 
of postsecondary education and secondary education 
to increase student awareness of the ediicfeition aYid 
practice requirements of a career in engineering, 
and subtnit the criteria to the Commission for appro- 
priate action; \ 

Evaluate programs, methods ^f filnding, service 
delivery systems and techniques fOK^ontinued 
education for the engineering profession; 

Determine ba/ic minimum requirements for practice* 
of the engineering profession and present these 
recommendations to the Baard of Registration- for 
Professional Engineers; ^ 

Assist the^ Board of Registration in the formulation 
of examination criteria; 

Assist the Board of Registration ,in t;^Je development 
of qualifying criteria for engineering education 
curricula to be used as^equivalency toward the 
experience requirements'of registration; and 

Evaluate the level of understanding that should \ 
be obtained in the four-year education programs 
in each of the '"f^eWs of understanding" which 
represent eng;tn^ring practice. 



192 



169 



FOOINQTES 



1/ Appendix H, "Backgrounci of National Priorities for Use of 
Engineering and Scientific Talent^" Energy and Engineering 
Education - Project E-E , Assembly Education Committee, ^ 
palifornia Legislature, May 1975. ""^^ 

Zj NCSBEE later became the National'Council of Engineering ' ' 

Examiners. 

ij ' Proceedings of the National Council of State Boards of Engi- 
neering Examiners, 13th'Arlnual Convention, New Ytirk City,- 
September 29-30; Octpber 1 , 1932, p. 12. 

SPtE later became' the American 'Society for Engineering 
Education. . - v ^ • * 

i 

\! Proceedings of the NatiQnal Council of State Boards of Engi- 
' neering^ Examiners , 1932. 

6/ Letter to Senator'Albert S. Rodda, July 21 , 1976. ' - ^ 

IJ ECPD 43rd Annual Report , September 3(t, 1975, p. 89. . * 

8/ All schools, except West Coast University, have ECPD-accredited 
engineering e/ducation programs. ' 

9^/ . Some campuses haf€ historically been known for having basic 

research-orienteci engineering education programs that assume the 
student will continue for a master's and a doctorate at the 

• institution, then conduct research. Other campuses are known 
for their practical practice-orientation. 

10/ "Specific course reguirements" ^n this anll^sis are defined 'as 
4reguired courses within a parttcuTar "field of understanding." 
For example,' if "Engineering 100^ Heat Transfer" was reguired 
for a bachelor of scfence* degree in engineering, it would be 
considered a specific course reguirement." Also, if a student 
was offered a choice between two or more four-unit classes, , 
' i.e. , "Physics 100, Principles of Motion" ^and' "Chemistry 102, ' 
Principals of ChemitaV Reactions," the choice would still be 

/ considered as flour units of. specific reguirements within the 
,physical science "field of urjderstanding.'' , " 

11/ To facilitate^'the d.evelopment of an ele^cjive^ classifiTcation scheme, 
. the "fields of understanding" were divided^into technical and^ 
nontechnical fieflp. The technical fields of unde»*$tanding ^ 
encompass physical science, life. sciences, engineering sciences, 
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design/aw)l i cation, engi^neering- technology, whereas the non- 
technical fields include ethics, communication arts, management, 
economics, law, political science, behavioral science, humani- 
ties, and history. Electives were classifed as: "Technical," 
where a',class from two or more technicaTfields of understanding 
could be selected; "nontechnical," where a class from two or 
more nontechnical fields could be selected; and "restricted," 
where a class from a. "technical "' or "nontechnical" field could 
be selected. 

12/ Depeifsonalized transcripts are transcripts with no identifying 

information. The person whose transcript' is being examined 
; remains anonymous. ^« 

3 3/ Articulation agreements between the four segments of higher edu- 
cation permit the* transfer of credits toward the baccalaureate 
'degree. There is a need for more comprehensive counseling of 
students to ensure that particular courses are within* the articu- 
lation agreements and will result in transferable credit^from 
one segment or campus to another. Time and financial restraints 
did not^ permit the investigation of this need in this project; 
however, this difficulty was of some concern to»*the faculty 
interviewed as 'part of' this project. 
\ - . . 

14/ , A structural engineer must first be a registered civil engineer. 

15/ 6704. "Engineering practice" and "engineering work,'" within 
the intent of this .chapter, shall mean any service or creative 
work, the adequate performance of which requires engineering 
educatipn, training and experience in the application of special 
knowledge of the matfiematical , physical and engineering sciences 
to such services or creative work as consultation, investigation,^ 
.evaluation, planning and design of engineering works and systems, 
planning the use of land and water, and the inspection of con- 
struction for the purpose of assuring compliance with drawings 
and specifications; any of which embraces such services or work, 
either public or private, in connection with any utilities^ 
structures, buildings, machines, circuits, equipment, processes, 
0 work systems, projects, and industrial or consumer products or 
equipment of a mechanical, electrical, hydraulic, pneumat4c, 
nuclear, aero-dynamic, or thermal nature, Insofar as they involve 
safeg^uardlng life, 'health, property, public welfare or public 
good and including such other professional services as may be 
/"^ necessary to the planning, progress and completion of any engi- 
neering services. 

A person shall be construed .to practice or offer to practice^ 
engineering within the meaning and intent of this chapter who 
practices any branch of the profession of engineering;. or who. 
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by verbal claim, sign advertisement, . letterhead, card, or in 
any other way' represents himself to be a professional engineer, 
or through the use of some other title implies that he is a 
professional engineer or that he is- registered under this 
chapter; or who holds himself out as able to perform, or who 
does perform any engineering service or work or any other ser- 
vice designated by the practitioner which 'is recognized as 
engineering. 

6706. "Engineer in responsible charge," within the intent of 
this chapter, means the individual who determines technical 
questions of design, development application, certification 
or constrvction, or personally Supervises engineering work. 

6708.1. "Public welfare" ia,volves the general well-being of the 
public. 
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6708.2. , "Public good" involves the utilization of public 
resources. 
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APPENDIX A 
ENGINEERING PROJECT ANALYSIS " 

* 

• It is axioiifttic that engineering, science, 'and technology touch 
•nearly every aspect of daily living. The needs and wants of society 
have cumulati^^ely comprised the standard of living that is the 
.hallmark of American life. The demands of society and the emphasis 
placed upon the priority of tho^se demands^as shifted 'according to 
the times, over the p^st 6ne hundred'years. Needs have become wants, 
and wants haVe become needs^ depending upon the social and political 
impl ications. - ' ^ • 

The principal issue raised by^this study was the relationship between 
the education of those who have the responsibility- for transfe^ring 
science and technology to the processes, products, materials, and 
developments that society both .needs and wants, and the methodology 
in which the tVansfer process actually takes place". Of further 
concern was the pr'otection of the' public health, welfare, safety, and 
good in the technological fields and the State's responsibility for 
this protection. In the latter case, th^ whole subject of 
engineering licensing was addressed. 

The .parameters of engineering practice vary according to the. 
conditions existing at any particular time. In times of crisis and 
national security, society waives many concerns to expedite' the 
transfer of technology to societal needs. In most cases, technical 
decisions ^re heavily biased by nontechnical considerations. 
. Correspondingly, the- demands upon engineers who implement technology' 
change.- Hence, the types of knowledge involved in engineering 
projects and the level of awareness needed in order for engineers to 
function in a professional and ethical manner in the technological 
transfer process become key issues. 

Three major, publically recognized engineering projects in'recent 
California history were analyzed to identify the integrated types -of • 
knowledge involved in them: (1) the Santa Barbara Channel pil 
development and disastrous oil spi'll, (2) the Bay Area Rapid Transit 
•system, and the (3) Diablo Canyon Nuclear Power plant design and 
development. The Santa Barbara Channel oil project was used to 
examine the public's interest .in the-area of environmental^ual ity 
control. The Bay Area Rapid Transit system was presented as a public 
transportation need.. And finally, the Diablo Canyon Nuclear power 
developmerytr-axempljfied one of the energy options available to the 
public for satisfying, the increasing demand for energy resources. 

.Because the Bay Area Rapid Transit system and the Santa Barbara 
Channel^, oil incident have been the subjects of m'any reports and 
investigations, the types of knowledge inyplved in each was readily' 
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reduced and^ analyzeb. In fcontrast, the design and development of a 
nuclear power plant was -relatively new and involved both subjective 
and objective analysis. * 

The parameters, of specifications, developed from the analysis of 
these projects led to the development of the "Fields of 
Understanding" which were subsequently used for a comparative 
analysis of engineering educational programs and licensing of 
engineers in California. 
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1. SANTA BARBARA CHANNEL OIL PROJECT - ENVIRONMENTAL (j^UALITY 



The tragic Santa Barbara Channel oil spill of January 1969, 
heightened public awareness and concern for pollution.. State and ' 
national attention ? were focused on the polluting effects of the 
spill. Governor Reagan in his "Spirit of the'70s" State message 
pointed out ttre importance of the environment to the quality of life. 
"There is no subject more on our minds than the preservation of our 
environment, and the absoliile necessity of waging an all-out war 
against the debauching of that, environment .... Along th^ Santa 
Barbara coast, seeping oil continues to ruin thg beauty anti endanger 
wildlife . . . 

a. Background , ' ' 

Many of the major events preceding the spill have been summarized 
by Charles E. Mc Carty in his study entitled. The Santa Barbara 
Channel Oil Disaster : A Case History of EnvirohmentaT 
Exploitation With Recommendations For Reform. A portion of this 
summary is quoted below: 



"As early as 1955, the State of CalifWnia recognized the need to 
preserve the aesthetic qualitres of the Santa Barbara area, and 
ythus enacted the Shell -Cunningham Act, which created a sanctuary 
/ some sixteen ifiiles long in the State waters off Santa Barbara. 
According to the provisions of this Act, no drilling platforms 
could be erected within the sanctuary unless it could- be shown 
that oil production in areas beyond the State* s, three mile limit 
was draining the pools within the State waters of the sanctuary. 

"In 1958, the first off shore^latform was Established in State 
waters off Summerland by Standard Oil of California. In all^ 
eight offshore platforms have been erected in the State waters of 
the Santa Barbara Channel , four to the east and four to the west 
of the City of Santa Barbara. In addition, there are four 
underwater completions. 

9 

"In December of 1966, the Department of the Interior announced 
that it was calling for bids on a le'ase block in federal waters: 
adjacent to th'e Standard lease. The federal .govVrnment 
contended that the Standard operations were draining oil from 
pools in federal territory. The County of Santa Barbara was 
apparently not consulted on this matter prior to the bid call, 
despite assurances from the Interior Department in February of 
1966 that consultations would be undertaken. The lease was 
granted to a combine of Continental Oil Corporation, Phillips 
Petroleum, and Cities Service Oil Co. on December 15, 1966, for 
$21,289,000. 
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"On ^December 19, 1966, S/nta Barbara County Board of 
Supervisors requested that the Intei^ior Department refrain from 
granting any further leases uhtiKlocal consultatioiji had been 
undertaken with county officials. In January of 1967, the 
federal government agreed to the county ' s request, although it.- 
had already requested^ the oil companies on December 29, 1966, to^ 
^I'nform the Interior Department -of 1»he areas in. the Santa Barbara' 
*Ch^nnel in which the companies would be interested in exploring 
and drilling. * ^' ' ' > ' 

"Late in January, 1967, the Department of the Interior 'informed 
the county that the locations of proposed federal lease sitwt 
would not be made available to the county until ;the bids wera" 
actually called for. ^The county had requested^the j'nformatioir 
.'because it was feared that a proliferation of federal leasei^^ 
offshore of the sanctuary would endanger the existence of that 
sanctuary. . ^ 

' ^ • - <» 

"Ihe County Board of Supervisors subsequently requested the 
Interior Department to extend' the^^sanctuary seaward to Santa 
Cruz Island, and asked for a o.ne-ya>r moratorium on the granting 
of leases. J. Cordefl Moore,- Assistant Secretary of the Interior 
for Mineral Resources, stated, With respect to the county's 
requests, that oil companies^ad spent several hundred million 
dollars exploring for oil puptentialities in the channel and they 
would 'probably raise a lot of flack' if the county requests for 
a delay were granted. Hfe^eminded the county officials that the * 
oil companies 'can bring* a lot of pressure to bear on Congress. ' 

"In September of 1967, th6 Interior Department proposed the 
establishment of a two-mile wide buffer zone seaward of the State 
sanctuary within^which no leases would be granted by the federal ' 
government. The county requested a delay in the granting of the 
Jeases in 1967; afid a d^pision was^to be made by October 15. Any 
comments from the' county would have to be made before that date. 
On the 28th o'f'^'September, however, Secretary of the Interior 
Udall agreed to the county's request for a delay to study the ^ 
proposed leases, and granted a 60Tday moratorium on the bid call, 
althoygh the 'county had requested a six-mon-th dejay in which to 
^prepare its report. 

"Ihe coOnty report was completed on November 20 by Cpunty Oil 
Well jtnspector David K. Bickmore, and it was decided to send a- 
delegation from the county to Washington, to present the report 
to the Interior Department.^ * 
* 

"Also "on the 20th, the U.S. Army Corps of Engineers held a 
l>earing in Santa Barbara on the request of Phillips Petroleum 
Company, the operator for the three-company combine which had 



leased the tract adjacent to the Standard platform off 
Summerland, for a permit to erect a permanent platform (Platform 
Hogan) on its lease. .Although this was the first kirmal hearing 
on any f^pet of oil operations^ in the federal waters off Santa 
Barbara, it was a relatively perfunctory one.- Colonel Norman 
'Pherson, DistricfEngineer for the^Corps of Engineers, placed a 
limitation on the scope .of the hearing, stating that ,the only 
concern of the Corps of 'Engineers, and thus*the only concern if 
the hearing, was the navigational hazard posed by the 'erection^f 
the platform. He stated, 'The lease itself is nqt the subject of 
this' hearing, and we are not here to discuss long-range 
developments:' 

^"Donald W. Solanas, Western Regional Oil and Gas Supervisor of 
the U.S. Geological Survey, stated at the hearing that 'it is of 
critical ^importanoe.that there be no delay in the installation of 
this platform.' He' stilted that some 10,000 barrels (420,000 
*gal.) of^crude oil per day was being withdrawn by the'Standard 
operation on the' State lease, and that some of this oil could be 
coming from M^ederal pools. Thus, the platform should be erected 
to prevent .a possible drainage from 'th^e federal lease. The 
permit was granted on January 10. It i*s interesting to note 
that, even as the hearing was in progress, some 50 days ^ef<Pre 
the permit was even granted Phillips was towing the platform into 
position, apparently sure in the knowledge that the permit would 
in fact be granted. 

"On Eebruary 6, 1968, the Interior Department opened the Santa 
Barl>ara channel to bids from the oil companies. By the end of 
the bidding period, bids totaling $603,204,284 had been offered 
^ accepted. The two-mile wide buffer zone had been withheld 
from the leased area. In addition, three bids offered for blocks 
adjacent, to the buffer zone were rejected, and these blocks were 
added to the zone. 

"On May 23, 1968, Union Oil Company, operator^ of a lease fo} a 
combine of Gulf, Texaco, Union and Mobil, requested a permtx to 
erect a permanent platform on Lease 402, just off the buffer 
zone. The Corps of "Engineers refused a reques^t to hold public 
hearings on Union's application to erect Platform 'A' on the 
gr^ds that the Corps could not concern itself with matters 
pertaining to conservation and aesthetics. The Corps held its 
jurisdiction to be .limited only * to the' determination of 
navigational hazards, and the proposed , platform, did not, in the 
^Corps' opinion, .present such a hazard. 

"On September J5<(#1968, Platform 'A' was installed on the Union 
lease. A second platform. Platform 'B', was installed shortly 
afterward, and also in September, UnioR sought a permit to* erect 
a third platform, 'C , on Parcel 402. 
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"Agreements had been reached between the county and the Interior 
Department pertaining ta the aesthetics o^f the channel, which 
incl^uded camouflage of offshore platforms by paint and 'Fail- 
Safe devices* on the platforms to. prevent spillage, etc. 

Despite the spillage safeguar^l^, oil began to spill into the 
Channel January 28, 1969. Shortly before noon that day, drillers 
on Union Oil Company's Platform "A," located six miles off the 
coast of Santa Barbara, were withdrawing the drilling bit from 
Well A-21 when drilling mud began flowing from the top^ of the 
drill pipe. After the mud stopped flowing, a noxious hydrocarbon 
mist poured from the open pipe and engulfed the drilling rig. 
Efforts to connect blowout preventers to the'top of the pipe w^re 
unsuccessful because of the difficult working conditions. 

After twelve to thirteen minutes of unsuccessful efforts to con- 
t^'ol the flow of mud, gas, and hydrocarbon mist from the pipe, 
the order vas given to drop the drill pipe into the bottom of the 
well and to close the blind rams at the top of the well. This 
maneuver halted 'the flow of. material from the top of the 
drill pipe. However, gas an(\ oil were seen rising to the surface 
of the sea at this time about 800 feet from the platform. 

The well was not^ control led until February 8, 1969, after a 
m^inimum of 200,000 gallons of heavy crude oil had spill fed into 
the Santa Barbara Chan^iel covering an estimated area of 600 to 
800 square miles. Even after the well was controlled, oil 
continued to seep from the ocean floor at an unofficial rate of 
1,000 gallons per? day. General Research Corporation of Santa 
Barbara, using mathematical formulas based on the thickness of 
oil on seawater, estimated that the flow of oil wafe as hea\3'y as 
210,000 gallons per day the first twelve days after the spill, 
and 8,000 gallons per day after the well was controlled. ^ 

Despite.the risk involved, the U.S. Department of the Interior, 
relying upon information gathered by the oil companies and the 
U^S. Geological Survey, leased the federal territory for the 
purpose of oil drilling. According to Dr. Barrow, President of 
Humble Oil Cpmpany, the decision to drill f6r oil in the Channel 
was largely based on economic facto*^ Total energy demand was 
considered as.the'sum of three major sectors transportation, 
residential-commercial and industrial. 'Despite conservation 
measures, the growth in demand for energy was' forecasted to be 
4*2 percent per year during the to^eseeable future.. He noted 
that nuclear power, hydi^o power, coal, gas •and oil would bemused- 
to meet this demand. Dr. Barrow reasoned that petroleum must 
account for most -of the increased supply to meet the demand 
because of the nuclear delays, clean air problems with coal, and 
shortage of natural gas. Moreover, to minimize the U.S. ' 
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dependence on foreign' oil sources, Or. Barrow concluded that 
offshore oil sources should be developed. Thus, he viewed the 
'benefits as outweighing the costs of such production. 

In addition to the economic argument for developing the oil 
'reserves in the Santa Bar&ara* Channel, numerous historical 
.arguments to justify and to oppose drilling in the Channel had 
be^n made. In Oil Pollution and the Public Interest: A Study of 
the Santa . Barbara Oil Spill , A.E. Keir Nash, Dean E. Mann, andT 
Phil G: Olsen explained the historical arguments summarized 
below, made by proponents and opponents of offshore oil 
drilling: 

The proponents of Channel oil drilling argued that 
Santa Barbarans^ had historical ly benefited* from 
Channel oil. In 1776, a Spanish missionary noted that 
tar was \vashed up onto the shore and used by Indians to 
bind their woven baskets. Later, Spanish explorers 
used it tb caulk leaky ships. During the latter half 
of the' nineteenth century,' a few Santa Barbara 
citizens sold the natural asphalt to make sidewalks 
and streets. By 1901, 350 small wells had been 
drilled. No one objected to the drilling or to the 
fact that the wells were not capped when abandoned in 
the 1920s. Thus, proponents argued that Santa 
iBarbarans had historically benefited from the oil, and 
^that arguments, for "vested aesthetic rights" had 
, little foundation. 

^ Opponents of Channel oil drilling argued that during 
the ^ mi ddl e thi rd of the twenti eth century the 
socioeconomic structure of ■ Santa Barbara ch«ngad from 
'a predominantly agricultural economy to an amenfty- 
oriented economy in which aesthetic'conditions became 
vital. As evidence of this change, opponer>ts cited 
numerous historical events: the earthqus^ke of 1925, 
whic-h resulted in concern for environmental quality, 
(the Community Arts Association was established then 
to provide free architectural advice to owners of 
demolished businesses who agreed to rebuild in 
gr*aceful Spanish style); the enactment of city 
ordinances restricting advertising signs and^ 
controlling development; development of light industry 
which did not threaten established retirement and. 
, ^ resort sectors; and the division of economic inter:ests 
between the coastal region south of the California 
Coastal Range and the northern or inland county#which 
Became committed 'to growth in agriculture, mining, 
manufacturing and missile bases. Thus, critics argued 




« that the decision to drill for oil^in the Channel did 
not adequately take into account' the interests of 
San%a Barbarans living and owning bu3j'nesses near the ' 
coast, • 

Project Analysis ' . • ^ 

Numerous challenges with offshore oil drilling in the Santa 
Barbara Channel have been identified, and are summarized 
and categorized below according to the "fields of 
understanding," , , \ 

(1) Physical Science 

The severity of the spill was largely iC result of the 
local geology of the ocean floor. After t^he blowout- 
^ preventers were activated, oil and gas from lower- 
level high-pressure petroleum-bearing strata ^was 
unable to find relief at the closed-off ^well head, ^il 
and gas. thus escaped from the uncased' hole part-99ay 
down, and flowed upward through highly porous sand and 
fractured rock' lying just below the ocean bottom. 
/ From .there, it bubbled to the surface of the Channel 
waters, (See Figur^ 1.5 

|c2) Engineering Science 

At the time of the oil spill, 3-3/8-inch conductor 
casing extended from the drilling platform to^a |bint 

- 2?8 feet bel^ow the ocean floor. No other casing was 
set. Outer Continental Shelf Orders, Issued by the 
Department of-. the Interior, required, a minimum of 300 

, feet of conductor casing which totaled 25 percent of 
well depths to 7,000 feet, Botji of these requirements 
had been waived by the USGS "Regional Supervisor. US6S 
spokesmen have argued that sound engineering practice 
dictated the casing, variance on Union's well. 
However, Union . subsequent!/ st^tpd 'that-* the . spil-l - 
^ could have been prevented if sufficient casing had 
been used! 

(3) Design . ■ ' 

-Clean-up measures had not been adequately^tested prior 
to the spill. Additionally, the adequacy of design of 
equipment and ocean floor drilling techniques had been 
questioned, particularly the design of equipment to 
seal a tlowout or capture an dil spill. 
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(4) Ethics 

According to Nash, Mann and Olsen, a former member of 
the Platform "A" drilling crew charged Union's 
drilling contractor with ignoring safe drilling and 
extraction practices. The charges have not been 
proven or successfully refuted in court. 

The casing variance granted Union Oil by the Federal 
, Government also raises ethical questions. 

(5) Management 

As a result of regulatory jurisdictional conflict 
among government agencies, no s>(stematic approach was 
developed to protect the ecology of the Santa Barbara 
Channel . 

(6) Economics 

The oil spill resulted in numerous costs resulting 
from damage to the fishing industry; damage to boats 
and the boating business; decline in restaurant 
patronage; decline in volume of sales and values of 
b.each-fr|Ont property; damage to seawalls, fences, 
gardens, and residences. 

Channel drilling was viewed, by many federal officials 
as a desirable alternative to greater reliance on 
foreign imports. However, many critics argued that 
only the oil depletion allowance, import taxes and 
quota systems made a highrrisk area like Santa Barbara 
an attractive altern^ative, given existing technology. 

C7)'.Law 

Numerous civil and criminal Taw suits were' filed in 
conjunction with the spill. The Civil suits involved 
liability questions and the criminal suits sought the 
abatement, of a j)ublic nuisance. Accor'ding to the 
study conducted by Nash, Mann, and Olsen, ■ the 
California courts wet^e more likely than the federal 
courts to rule in. favor of the Santa Barbara ' ' 

•residents. Questions of jurisdiction 'were raised, 
including original jurisdictioR Snd/or .exclusive 
jurisdiction of the Federal District Court in suits 
arising out of offshore leasing, and whether 'this 

. barred all concurrent exercise of jurisdiction by the 
State courts even after the damage has reached 
property on California shores. 
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The .applicability of liability doctrines was also 
confusing. According to one doctrine, injuries exist 
for which there are' no legal remedies. A 'second 
doctrine states that when engaged in "ultrahazardou?" 
activity, one must use his property in a manner not 
hazardous to others so that even in the absence of 
negligence, a defendant could have to pay for damages 
suffered by a plaintiff. - Ancj a tfird doctrine refers 
^ to a balancing of the interests at stake. For example, 
if the plaintiff's grievance concerned mere personal' 
convenience and the defendant's activity was necessary 
.for tie public welfare, the defendant would not be 
liable for damages suffered by the plaintiff. 

Pol itical Science ^ 

Numerous political developments affected the offshore 
^oil drilling project at Sarjta Barbara. Some of the 
more important developments are summarized below. 

In September of 1967, the Santa Barbara* County Board 

• of Supervisors obtained a ' sixty-day drilling 
moratorium; . a federal "no drilling", 'buffer zone 
extending two miles out from the California three*mile 
limit; and assurances that the platforms* would be 

• camouflaged by paint and made as pleasing to the eye as 
possible. * Wjthin a month ^>ifter the spill, an 
estimated 70% of the adult southcoast population had 
signed the "GOO" petitions to "Get Oil Out" and 
demanded a complete cessation of channel oil 
development. This show of support for elimination of 
channel qil drilling encouraged Senator Alan Cranston 
and Congressman 01 in league to introduce numerous 
concessional 'bills to regulate and even eliminate 

thrilling • in the channel. Stringent. • federal 
regulations were enacted after the spill: However, 
they did not address the "aesthetic affront" to Santa 
Barbara's scenery a^niLthe detriment* to its capacity to 
attract tourists and retired persons. 

A November 1968, referendum on af proposal to permit 
Humble Oil Company to construct an. onshore oil 
processing plant overturned tha*Board of Supervisors' 
decision to permit such a facility by a vote of 44^,290 
to 41,404. V ^ 

In June of 1969, a high level commission appointed by 
President Nixon' s^ scientific advisof. Or. Lee Ou 
Bridg^ recommended an accelerated .program of veil 




drilling to reduce- the undergiround^pres^ure that was 
forcing oil to the suf'f ac^. of the ocean floor. 

(9) Life Sciences , — 

. Ihe spill damaged the channel-^ ecological systeffi. * 
^ • Birds, sea lions, and even whaTes were killed. Tidal 
\ ' pools and beaches were covered with oil. Ihe barnacle 
population and surf grass were destroyed. 

Union Oil's use of a water-and-sand mixture, pumpecf 
under ^ high pressure to clean"bil covered rocks., 
eliminated a large, number of crabs, algae, limpets, 
and -snails. The oil dispersants used by -Union Oil were 
highly toxic. 

Some scientists were distressed -by the possible 
effects which a very thin, micromillimeter film of oil 
^ spread across the oceans of thejwprld might have upon 
the earth's refraction index. Others were' concerned 
about the affect of such a film on the water .cycle: 
Such a film, they said, could decrease the evaporation 
of water, hence rainfall. 

(10) HujTianities 

The residents of Santa Barbara^' viewed the oil rigs°as 
an aesthetic affront,, and the sjaill as a further 
assauU orf the sceneryu)f the^chan'nel . 

Summary * ' > - • 

Si nee' engineers are usually in control, .and make^some of the 
major decisions in engineering projects," should they at 
least. have an awareness of all of the parameters of conceVn 
in such proje.cts? What level of understanding ,is Qec^sBary 
for the safe conduct of major engineering projects suCh as 
oil exploration in a critical ecosyAem? . ^ 

A much greater indepth analysis -is .required to determine 
cause arid effect relationships, between actions- taken or 
omissions which resulted in the S^nta Barbara disaster., 
Ihe analysis presented here is similar" to "Monday^ morni^ 
quarterbacking," i.^., looking at an event after the fatft 
and trying to extrapolate in ^ reward direction. 
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NpTE: Figure A, shows the castng 'program in Union's Well A-21 
approved by the federal^government. The federa-1 requirements ror^ 
a full 300* bf conductor casing and approximately 870' of surface 
casing, as sftewn in Figure B, were waived. ^Note that oil might 
have been prevented from escaipijig to the surface if a second string' 
of surface casing had been installeci in>A-21. The sketches are 
diagrammatic. Actual geology and fault-fracture patterns are much 
more complex than shown. * ' ^ i 
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2, THE BAY AREA R^ID TRANSIT SYSTEM - IRANSPORTATION 

For many years, rapid mass transit has been portrayed as that 
Idea] of the future where technology will effortlessly cater to 
mankind's every need. Just how successfully technology will 
fulfill the dictatas »C the 'future was tesied by the, massive 
engineering projl^ which created the Bay *rea Rapid Transit 
(BART) system, a system developed in response to a demand to 
provide San Eranciscd, Oakland, and the surrounding urban aretfs 
in the San Francisco Bay Area of California with a safe, ■ 
reliable,' inexpensive means of commuter conveyance. 

The breadth of this engineering projefct was so great that it 
deartv with 'all aspects of the transportation subject. 
Feasibility studies dating back to 1951, were examined to 
determine the underlying nontechnical aspects of the project 
and to analyze their effect on the technical aspects. The 
actual construction of the system was also reviewed, with 
emphasis on the deficiencies found within the project and their 
relationship to the "fields of understanding." 

a. Background 

Mosrof the following hrstorical material was taken from a 
paper prepared by Norman Kennedy, Associate Director of the 
Institute of Transportation -and Traffic Engineering. In 
San Francisco Bay Area Rapidjransit: Promises, Problems, 
Prospects," Mr." Kennedy traced the h.istory of BART from its 
creation in 1949, presenting the arguments for and against 
the system; describing some of the major problems 
confronted and solved by BART during the construction 
period; and appraising its role in the t-ota-1 transportation 
system 'of the Bay Area. Other sources of information are 
included in the bibliography found in Section VIII. 

In 1949, the California State Legislature established the 
Bay Area Rapid Transit ^istrict,- but no action was taken in 
the following two years to establish the district as an 
active agency. However, newspapers carried articles' 
throughout 1950 concerning the need for an educational 
campaign in behalf of a rapid transit system. 

During the 1951 legislative session, the 1949 Act was 
amended to create a BART Commission to study and 
investigate the rapid transit problems of the 'San Francisco 
Bay Area. In July 1952, the Commission engaged consulting 
engineers to assist in its study. The consulting firm 
• submitted its report in December, concluding that, "a 
unified rapid transit system. . .is necessary if the 



214 

A- 12 



J 



ultimate potential of the jegion is to be realized."^ 
(Kennedy, p., 2) The firm recommended that the Commission 
prepare a long-range regional development plan, undertake 
origin and destination studies of interurban passengers, 
study the general economic and phys,ical functions of 
private and mass transportation, v prepare an Overall 
regional transit plan, prepare preliminary plans, and make 
a financial analysis of the first^stage of constr'uction. 

Relying on the report, the Commission asked, for an 
appropriation of $400,000 from the State Legislature and an 
additional $350,000 from the ninejBay Area counties. ^The 
Commission stated, "The increasing seriousness of the 
traffic congestion and the increasing heavy toll that is 
being taken in 1 ives , property damage, and in adverse 
effect on the econoiny'of the area demand that prompt action 
be taken now to arrive at a definite solution to the problem 
of moving people s-afely and conveniently through adequate 
transportation facilities." {Kennedy, p. 2) / 

Although consulting eiTgineers ai^ the Commission did not 
*specifical ly state that a rail system ^as required,- a - 
Writer fqjr the San Francisco Chronic*le concluded that, 
"Steel rails and rubber tires, coordinated to form a • 
regional rapid transit system, are the -key to orderly, 
prosperous growth of the nine-county San Francisco Bay 
Area." (Kennedy, p. 20 ^ ^ 

In response to the funding request, the Legislature granted 
to' the Commission $400,0^ in 1953 to match the $350,000 
expected from the nine counties. In August of 1953, the 
Commission announced its selection of the New York 
engineerrrfg firm, Parsoas, Brinckerhoff , Hall, and 
MacDonald (PBHM) to conduct a study of rapid transit 
possibilities for the Bay Area/ 

The PBHM report was officially submitted to the Commission 
and was released to the public on January 5, 1956. *The 
report^ s summary of major findings , conclusions and 
recommendations began with: 
- ^ 

"*The San Francisco Bay Area Rapid Transit Commission in 
initiating this survey set. forth for investigation these 
basic questions^ — > 

|1. Is an interurban rapid transit system needed for the 
Bay Area? > ^ 
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2. If so, what areas should rapid transit serve and along 
what routes should it be constructed? ^ 

3. What type of rapid transit facility would best meet 
the Bay Area's needs? v 

41 Is the cost justified?'" (Kennedy, p. 4) 

In .response' to the first question, PBHM>vrote, "We, on our 
part, are convinced that the prosper ity^-of the entire Bay 
Area will depend upon the preservation ahd enhancement of 
its urban centers and subcenters. Sustaining these as 
concentrations of employment, commerce, and culture will, 
•depend on the reinvigoration of interurban transit." 
(Kennedy, P. 4) A "main line" system comprnsing 123 miles 
was recommended in answer to the second question. The firm 
concluded that a "supported train" system, including the 
application of rubber tires, was the most desirable • 
alternative for the Bay Area. According to Kenn'edy, the 
advantages of such a system were never disjcus,sed in detail. 
They werfe referred to only in general terms as possible time 
savings to travelers, safety and the effect on business and 
commerce. • In describing the re^)ort's justification for the 
proposed system, Kennedy quoted the fdl'lowing statement 
found in the report: "We do not doubt that the" Bay Area . 
citizens can afford rapid transit; we question seriously ' 
whether they can afford not to fiav^ it." (Kennedy, p. ..4) 

The P6HM report was .accepted favorably by everyone 
according to newspaper accounts :^t the time. Kennedy 
summarized the public's reaction to the proposed system hy 
quoting an editorial found in.the San Francisco Chronicle 
of April 15, 1956: ■ ' 

"A panel of selected speakers, engineers, planffirs, 
redevelopment consultajits, economists, l6gislators--talked 
to a daylong conference of some 200 civic leaders one day 
last week abotft rapid transit. ^ 

"They agreed that rapid transit is, beyond dispute, the 
most important single "problem facing the Bay Area— that the 
^future well-being of this nine-county metropolitan ^rea, an 
economic as w.ell as- a geographic unit, is- bound *up in the" 
free and easy movement of people and goods. 

"Despite' the- importance and ur'Qency of the problem, despite 
that its engineering and financial aspects .have been 
expertly engineered and researched and reported upon and 
widely publicized, the conference indicated that there is 




profound and general public ignoranc^'^abobt rapid transit-- 
what it is, what it will accomplish, who will pay for it, 
and how, why its co^t is so richly justified. It appears, 
said one speaker, that we have been tall^g to ourselves.^ 

"Whet*'€upon other speakers prophesied with considerable 
head-shaking that unless the public is educated, unless it, 
is made aware cr<^tl>e findings of engineers and ^economists, 
• unless -it is made to want rapid transtt badly and want it 
now, the exhaustive reports on which the State and the nine 
counties have just spent $750,00Gf will collect dust and 
accomplish nothing more." (Kennedy, pp. 5, 7) 

According to Kennedy, the Chronicle declared its intention 
to do its part to educate. the public to the need for rapid 
transit. Kennedy adds, '*Ihe other major newspapers joined 
in the 'educational campaign' as civic ^ and political 
leaders carried the matter to the State Legislature for 
appropriate legislative action to create a public agency 
arid provide it with a supply of mondy." (Kennedy, p. 7) 

This concerted marketing effort was successful. The, Bay 
Ar4a Rapid Transit was granted the powers considered 
qecessyy to enable it^ to finance, construct, and operate a 
modern ripid transit system within its boundaries by the 
State Legislature in 1957. After much political 
maneuvering (see Kennedy for detailed information), the 
number of counties include in the BART district was 
reduced to -three and BART's major capital financing plan' 
was approved by the district voters. The" bond issue 
included a $792 million general* obligation issue for • 
construction of thp' basic system exdli/sive of* the trans-bay 
tube and its approaches, and the required rolling stock. r 

.One week after the .successful bond election, the BART Board 
announced its intention to continue employing the joint 
venture of Parso.ns, Brinckerhoff , Quade, and Douglas; Tudor^ 
Engineering; and i^Bechtel Corporation to design' and 
supervise construction of the 75-mile system. 

After the -dismissal^ of allegS^^ions made in an injunction 
suit brought by a number vOf engirfeers cfiS^ing that the 
engineering contract was a "give away program,'" and further 
political maneuvering and planning, eventually construction 
of the BART system began. The. tf^ans- bay , tube and related 
approaches were to be constructed through revenues provided ^ 
by the State of California which derived these revenues 
from to! Is. associated with the'operation of several Bay 
bridges. In addition, the district was authorized to 
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impose a one-half cent sales tax in the three BART counties 
in order to support a $150 million bond issue which was 
found tp be required to complete the 75-mile system. Also, 
the federal government under grant contracts to the 
di str i ct provided f i nanci al assi stance for research , 
beautification, certain construction projects and transit 
vehicle procurement- The rolling stoclcwas acquired as the 
result of another allocation by the Legislature. The 
aonconstruction portion of the district's program has to be 
paid for by property tax assessment in the three- county 
district funds made available by gasoline sales tax and 
operating revenues. 

During the construction phase, much attention was given to 
otherT nontechnical aspects of the BART system. Numerous 
painters and even a mosaicist were hired to make the BART 
system look attractive. Two different kinds of transit 
cars were designed, substantially increa^ng production and 
operation costs, to give the trains a modern streamlined 
appearance.^ In addition, numerous studies were conducted 
to determine rapid transit's impact on social mobility and 
the corresponding consequences. For example, many urban 
affairs experts concluded that transit systems such as BART 
couTd be* used to overcome t}ie physical and social 
immobility often found in ghettos.. 

Mr. Kennedy's reseafpch and numerous other articles and 
studies indicate that the justification for BART was 
primarily based' on economics and ^nontangible cultural - 
considerations. The news media, employing communication 
arts,' played an important role in selling the project to the 
public. ,The scope of the project was eventually determined 
by political and ^ecpnomic* considerations. Consequently, 
many of the technical decisions were^largely determined by 
nontechnical considerations. 

Project Analysis 

MAnyX technical ?nd 'nontechnical considerations were 
involved in the design, development, construction, «^ 
•maintenance, and operation of a rapid transit system such 
as BART. Many decisions made in response to nontechnical 
demands resulted- In significant developmental , 
constructional and operational costs and system 
deficiencies..^ These increased costs and system 
deficiencies were identified in a report prepared by the 
Leg^ativeVAnc^lyst of the California State Legislature. 
The following section discusses these deficiencies which 
were categorized and analyzed Wording to. the "fields of 
understcfnding: " 
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(1 ) Design 
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The BART system was designed to use an automatic train 
control , system (AIC) for speed, braking^, acceleration, 
and train spacing. Some of the design deficiencies in 
this system, identified by the California State . 
Legislature, are summarized, below: ^ 

To minimize the. problems of signal cross talk from 
adjacent track sections, Westinghouse selected a power 
level that was^ considerably below that utilized in 
conventional traqk circuits for train detection 
purposes. The voltage and current was not^suf^*icient 
to break through the thin layer of rust and dirt film^ 
existing between the train wheels and the track to 
provide for reliable protection of a train thaVwas 
stopped on the track or in some sections of the track 
crossovers. Under these conditions , ttfe train 
protection circuits in the local station ATC equipment 
did not take required corrective action to slow other 
trains on the track in order to avoid ct^ potential 
collision. 

It was reported during the legislative investigatiof> ^ 
that the BAST ATC system was designed' for dry rail 
conditions and that no detectors had been installed to 
automatically reduce train sp^eed under adverse rail 
conditions. It was noted that BAST could encounter 
wet rail conditions at grade level and e>evated track 
sections 'and could possibly encounter ice conditions 
on the Orinda grade. 

Within the car-borrfe ATC equipment, speed control and 
program braking circuits ^incorporated speed control 
crystal oscill^ators which could generate erroneous 
speed commanc|p\p the car traction motors. In the 
event -that an, erroneous speed command called for 
increased -speed < bove that designated for a particular 
speed zone, a jrail-safe stop would not^ occur.,. 
According to a ' written modes-of-fai lure analysis 
prepared by the Battel le Memorial Institute in 
September 197^1, the speed control circuits as designed 
by Westtnghouse made no provision for fai 1-safe 
braking in the. event that one of the crystal 
oscillators generated a speed cotnm^nd other thaa 
required. Battel le inferred in its report that 
crystal oscillators could operate at a frequency mode 
otfter " than that intended without having a 
manufacturing defect present. The report stated that 
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high quality, quartz crystals have more than' one 
possible mode of vibration tn^signal output, based 
upon physical dimensions, thermal effects, aging, and 
crystal ographic orientation of the crystal. 

Several problems with the transit cars yere identified 
by t\]e legislative investigation. There were 
inadequate hand holds in areas six to eight feet on 
either side of- the entrance doors and at the front and 
rear of the transi£ cars. Gaps between the station 
platforms and trains were observed. This . t)roblem ' 
presented a very serious hazard to boarding passengers 
because the doors are open for only 20 seconds upder 
normal schedule operations and are closed 
automatically by the'train control system. There were 
several incidents of children catching their feet 
sideways in this gap during pre-revenue tours^ and ' 
revenue service. In addition. Unexpected large 
volumes of passengers resulted in broken air springs ' 
beneath the cars and even wider platform gaps. Also, 
the Adequacy of^^ie^structural, safety of the 
lightweight BART transi^t were questioned after a 
Chicago accident where new lightweight transit cars 
incurred unexpected^ structural damage at a reported^ 
; impact speed of 30 miles per hour. 

Examination of the ^Fremont track extension, during the 
legislative investigation revealed that the track run-' 
out area extended only forty feet beyond 'the station 
platform before the start of the sand barrier. This 
terminal track extension represented only one-half of 
a car length which was inadequate to complete the 
emergency braking of. trains to be scheduled through 
the Fremont station. BART was unable to present any 
evidence to the State Legislature of having engineered 
the sand pile barrier with .adequate safety factors 
which should have been included within shopk absorbing 
and restraining structures at* all track terminal 
points. 

Communication Arts 

During the investig^ation, BART was in the process of 
preparing a manual of operating ^procedures. The 
procedures were being presented in narrative form 
rather than in a form allowing for quick reference. 
The manual also contained procedures 'for train 
operators , ; yard personnel , shop personnel , and 
maintenance persoftnel. The Legislature recommended 
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that the procedures for each job category be split 
into individiial manuals and would be most effective 
written in brief, easy-to-refer-to check list formats. 
It was further recommended that the manual be reduced 
to pocket size and be designed to permit quick 
revision with insert pages. 

Technjcal problems within the automatic train control 
system, which were critically related to train 
protection and passenger safety, were communicated to 
the safety engineers in general terms, if at all. « 



Numerous ethical ques^i'Qns involving conflicting 
considerations and value judgments were raised in the 
discussion of BART. 'According to, the California 
Society for -Professional Engineers (CSPE), three 
engineers working for the BART ATC section identified 
•design deficiencies in the AIC system. They notified 
the BART management of the problems and asked that 
action be taken to correct them. When the BART 
management did not take corrective* action, the 
engineers went to the BART Board of Directors. They 
were subsequently dismissed from their jobs by the 
BART management. 

One of the engineers was a membefr of CSPE and' contacted 
the society " for ^assistance.' The society was 
unsuccessful in its attempt to determine the cause for 
dismissal, bi{t conducted interviews to determine the 
merits of the engineers* claims. As a result of these 
interviews, the society circulated a'public petition 
calling for a legislative investigation of the BART 
'System with emphasis on the safety and cost aspects. 
The petition was successful. 

The ,three dismissed engineers suffered financial and 
personal hardship and subsequently filed suit against 
BARI. The CSPE and the IEEE prepared briefs 
concerning tKe ethical questions involved. A formal 
amicus curiae was filed in behalf of the three 
engineers |}y the IEEE. The amicus curiae focused upon 
the engineers j responsibility to protect public safety 
above all other considerations. The .case was settled 
out of court. Thus, the legal/ethical issues involved 
did not, according to CSPE, become a matter of public 
record. ' . 



Ethics 





The primary issue was the adequacy of the automatic 
train control system. BART and PBTB took a public 
position that all cars in revenue service had been 
subjected to formal . qual ification and acceptance 
testing of the speedixontrol circuits." All evidence 
available to the Legislature indicated that the speed 
control circuits on all transit cars that were 
currently in revenue service did not possess required 
fail-safe features and had not been adequately 
qualified for reasonable assurance of passenger 
safety. ^ 

PBTB indicated that operational testing of the speed 
control and br^^tking circuits had been completed for 
all local station ATC equipment on the Fremont line 
prior to the starting of revenue service. A review of 
the te5*fng documentation by the Legislative Analyst 
Office revealed extensive deficiencies in the test 
data sheets. In addition, documentation evidencing 
completion of safety tests which were essential- to 
pre-revenue qualification of the local station ATC 
equipment had not been completed, reviewed and 
approved by responsible offitials of PBTB, BART or PUC 
in order to establish the Vequired certification of 
these critical circuits. According to the state 
legislative report, pre-revenue qualification and 
acceptance testing of the ATC system placed in revenue 
service on the Oakland to Fremont line was not 
completed and adequately documented for* car-bornef 
local station aad central control center ATC 
equipment. Many compromises were made to place 
transit cars in revenue service on September 11', 1972. 
The legislative investigation found that the PUC 
created a false sense of security by issuing an order 
it could not implement. General Order 127, stated 
that all plans and specifications for the BART ATC* 
system had to be reviewed and approved by PUC prior to 
construction and installation. Following completion 
of construction, inspection of this system by a ' 
representative of PUC was required prior to receiving 
wntten approval- for operation of • the completed 
systems. Jhe General Order also required that all 
features of the ATC system possess fail safety and 
that all trains should be detected continuously with 
separation between train^ not less than the maximum 
stopping distance of the following train. In 
addition, route selection was to be provided for the 
alignment and locking of tHe protected routes wherever 
trains may diverge, converge," cross or conflict in any 
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way. Also, the train protection was supposed to 
insure that speeds of trains. never exceeded a safe 
distance profile over the entire system. Ihe State 
Legislature concluded that ' PUC did not have the 
technically qualified personnel necessary to carry out 
the provisions of this order. 

On October '2, 1972, a BARI train traveling southbound 
from the Union City station ran pa'sT tfle Fremont 
station platform into the sand barrier at the end of 
the track, injuring four passengers and the operator, 
,and damagitig several transit cars. BART's contention 
that in the Fremont- accident the emergency braking 
system was operative anql had slowed the train down to 
approximately. 26 miles per. hour before the train 
impacted the sand barrier, contradicted .the' testimony 
of the train operator and other accident witnesses who 
offered sworn testimony^ to the BARI and PUC inquiry 
boards that the train was traveling 40 to 50 miles per 
hour.- According to the legislative investigation^ the 
approximation of 26 miles perJiour was 'based upon an 
erroneous resistance 'factor and a resultant erroneous 
determination of^' kinetic "energy for the Fremont 
accident. In addition, BARI calculations made no 
-allowance for a considerable amount of energy absorbed 
by a wood retainer wall and pilings which were sheared 
off by the train, several large equipment* boxes 
wrenched from under one of the cars, and distortions 
of the underbody frame members, Th6se factors 
combined to indicate that the train may have been ^ 
traveling at a rate of'speedjat impact which was closer 
to the speed reported in sworn testimony. 



(4) Management .^--^ 

In the Legislative^. Analyst' s report, numerous 
management dq^iciencies were discussed. In summation^ 
BABI managemAt circumvented the mandatory requirement 
of Section 28990 of the Public Utilities Code 
requi ri ng competitive biddi ng * for al 1 procurement 
' contracts in excess of $3,000. 

In awarding the contract, BARI accepted the proposal 
of the lowest bidder without -requiring prior 
demonstration of the proposed system before giving the 
go-ahead for final design and installation. The 
competitive bid, with which Westinghouse won the AlC 
contract, was based upon a .system design which was 
totally different from the design which it subjected 
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. to test, at the. OiabJo Test Track. The Westinghouse 
'design deviated significantly ff-om the proven designs 
, of Genel»al Raflway Signa^I Company and Westinghouse Air 
Brake Company. Prior to the award of the contract- to 
• Westinghouse, representatives of the Public Utilities 
; Commission stated orally and in written communications 
to BART management that the past experience of the 
potential biddeifs in building automatic train- 
protection, track- circuits, and signaling equipment 
should be» given priority consideration in- conjunction 
with' evaluation of quoted b-id prices. 

In the opinion of- the State Legislature, the cos^-plus 
retainer agr*eement between B'ARI and PBI-B was/ 
disadvantageous to BART because it established 
inadequate controls over/ charges for reimbursable 
costs,, overhead costs ai/d profit. Although agreed 
upon budget controls may/have served to provide some 
restraint over expenditures, the basic' agreement 
t offered no incentives tb control excessive costs. A 

cost-plus fixed fee agreement with possible increases 
S for enlarged scope ,rfTegtotiated on an annual Ijasis, , 
would have been moreXadvahtageous. > 

'' ' ■ \ ^ 

The same unit in thk Organization had the' i \ 

responsibility for both Purchasing and receiving. ThW 

/ . . Legislature concluded tAiat, "This practice is not * 

■ consistent with maintaining sound internal controls 
^ • which should provide fojr the separatio'n of purchase 

order placement and receiving functions." — 

I" awarding the contract for transit vehicles, BART 
based its decision on thi' low bid Rohr Corporation 
submitted for the basic orber of the first 250 car's. 

■ The propriety of this decision was questioned by the 

■-egislature because BARI.jieeded more than 250 cars to 
, operate the 75 mile system. The bid submitted by 
Pullman was actually the lowest total bid for 350 
•cars. , 

' . \ 

^ . In evaluating the bids for the basic 250 .cars, BART 
applied a calculated efficiency adjustment to each bid- 
, to allow for an estimate of car weight and electric, 
power consumption made by the bidding company. If the 
bidder s estimates of weights and/or power consumption 
. * ' were below a standard value, his bid was reduced prior 

■• ^ • to evaluation. If his estimates • were above the 

, • standard value, his bid was increased; The validity 

of this correction to actual power consumption was 
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questioned by tt\e Legislature because of doubt on the . 
part of engineers' that this energy could be fully 
utilized by' other trains to produce a power savings 
for BART. The Legislature concluded that, "This 
procedure for adjustment provided an opportunity for 
the bidders to make arbitrary weight and power 
consumption estimates to produce .a low bid and then 
delay any offsetting penalty until the completion of 
the contract, " 

The legislative review of accident, incident, and 
discrepancy reports related to failures in ihe ATC 
equipment reveal ed a 1 ack of consi stency i n 
information presented and a variation in report forms 
used, Organi rational policies establishing reporting 
responsibilities, reporting distribu:^ion, and follow- 
up corrective action responsibilities were not 
visible/ Distribution of these reports varied making • 
analysis of the problems and systematic corrective 
action very difficult, 

"The field notes of PUC engineers monitoring revenue 
service also contained indications of occurrences where the 
operator initiated effiergency ""braking because of possible 
malfunctions fr\ the' ATC equipment. This would indicate 
that the BART reporting system was failing to report and 
document all incidents and discrepancies that occur in the 
ATC system, "* * 

The Legislature concluded that a condition of fragmented 
responsibility and authority in matters involving safety existed 
between the Operations Department and the. safety engineering 
group of the Insurance Department, Effective working lines of. 
communication and follow-up had hot been established between the 
Operations Department and the Insurance Departitient, A review of 
the then current activities of the BART safety engineering 
(Organization revealed that the safety engineers were primarily 
fi^volved in housekeeping and safety problems within the station 
and shop, facilities*^ parking lots, train ways, apd the rear 
dreas. Attention to these safety matters was viewed as 
important; however, there was minimal involvement of safety * 
engineers with the critical safety aspects of train operations, 

BART had not established capability 1n its organ^ation to 
troubl e shoot , or mai ntai n - and operate the comp Yex ATC 
equipment. In order to provide the necessary technica\ support 
in the operational phrase, BART was forced to enter into a 
professional services contract with Westinghouse, The^cost of 
this ; contract was forecast to be $400,000 for the first contract 
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year. The Legislature concluded that, "-Since Westinghouse was 
•remonstrating a lack of ability to bring the syst^into 
operation, it appeared that BART was taking an unwiseMsk 
depending upon Westinghouse to maintain the system." 

In developing the San Francisco Bay tube design, BART apparently 
did not document a comparative analysis of the original joint 
design, the proposed mechanical- sliding joint design, and other 
available alternatives. ' • 

PBIB and BAST committed themselves to^extensive rework of trans- 
bay tube sections and fabrication of the oew sliding joint 
sections (to. replace the rubber gasket design included in the 
original plans) without making prior estimates of the costsjof 
this work and without obtaining contractor bids or estimates. 
The work was started without afiproved * change orders, and 
continued for severa-1 months before the BART Board of Directors 
was notified of the work and informed of expected costs. . 

PBTB. developed the concept of the fare collection system and 
subsequently issued specifications and drawings which indicated 
the configuration of the machines and how they we"re ,-to. be 
interfaced within the individual BART stations. In J<eeping with 
the performance contract, IBM provided PBTB with design 
information to adjust contracts for the'- construction of gART 
statioas such that the fare collection equipment could be 
. accommodated by the structures in the station.'^ According to the 
Legislature's findings, PBTB failed to notify the- individual 
contractors bu'ilding the stations of these design changes. 
Consequently, significant alteration of station interiors was 
required. BART had to pay the cost of this remedial work, 
estimated at $183,500, because both IBM and the individual 
contractors performed according to the terms of their individual 
contracts. 



The Legislature concluded t^haT, "The retainer agreement 

(between BART and PBTB) was vague in establishing 

compensation standards am required definitive ' 
interpretations." 



iThe BARI system is currently operational. The ^ost' of operating 
the system and amortizing the "capital investment has been 
determined to be such that the system' will always -require heavy 
financial subsidy. The system is probably one of the most modern 
IP the country, but the deficiencies have definitely reduced its 



(5) Law 



Summary 





A- 24 



attractiveness to the taxpayers. Additionally, the company that 
"****HP^oduced the rolling stockis noOonger^^tn thft business, and the 
availability of equipment for the future is subject to question. 
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3. DIABLO CANYON NUCLEAfi POWER PLANT - ENERGY 

The ^design, development and construction of a nuclear power plant 
-involves a multiplicity of complex, interrelated issues. For 
example, the least expens,ive design may not be in accordance with 
government regulations and publ.ic sentiment. In effect, many 
engineers are ^n "responsible charge" of various aspects of such a 
complex engineering project, and are required to make decisions 
often involving trade-offs that accommodate the" conflicting demands 
of interest groups, ^blic sentiment, and government regulations. 
These demands involve rujmerous "fields of understanding." 

f 

In the following sections, many of the issues confronting engineers 
are discussed as they relate to the "fields of understanding " 
Considerations involved in^he design and development of a specific 
power plant (the Diablo Canyon site) are discussed, followed by a 
more general discussion of those issues involved in the design, 
development and construction of nucl.ear power plants. 

The Diablo Canyon power Plant, developed by. Pacific Gas and Electric, 
typifies a major engineering endeavor, i.e., a coast sited power' 
plant development. The project has been the s,ubject of controversy 
because ofits location "near earthquake faults, and because of 
potential environmental interaction with coastal ecological systems. 

a. Alternative Generation «, 

The most widely^ publicized considerations leading to the 
selection of nuclear-fueled power generation ove> other 
' alternatives were economic. In 1970, hydroelectric generation 
constituted half of the power resources available to meet PG&E 
area systems needs.* However, much of this hydroelectric 
/ capacity is low capacity factor power which is generally used 
during peak load periods. Requirements for the seventies are 
primarily for base-load cfeneration for which a nuclear plant is 
well suited-. This choice also conserves fossil fuel resources, 
and avoids air pollution problems associated with fossil fuel' 
plants. 

Site Selection 



Political, economic, regulatory, safety and ecological 
consideration helped deftermine the selection of the Diablo 
Canyon site. After extensive study, the site, was found to best 
meet t-he needs of PG&E-*s electric customers on the one hand, and 
the various public. and private interests in land use, ecological 
values, natural resources and recreation "on the other. The 
.search for a suitable site began in 1960, and by 1962, attention 
centered on a site in the coastal dunes near Nipomo, 18 miTes* 
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southeast of the Diablo Canyon site. Although the site had been 
zoned for l:ieavy industry, groups interested in preserving the 
Nipomo Dunes area for its ecological and recreational values 
urged PG&E to seek another site. With the cooperation of the 
State Resources Agency and the Sierra Club, the Diablo Canyon • 
site was finally selected. ^ * 

Alternative Cool ing Systems ^ \ 

Ihe shorel ine 'discharge system, part of the Diablo Plant's ocean 
water cooling system, was selected because of competing 
ecological and construction consixlerations. Sev/eral alternative 
systems were examined, including cooling towers and evaporative 
cooling ponds, i 

f 

Nuclear plants, such as» Diablo Canyon, operate with a thermal 
efficiency of about 32 pe^ce^t. About a third of the energy 
released by the fission process is converted to electricity, the 
rest must be dissipated as waste heat. At Diablo Canyon a "once- 
through" cooling system using ocean water was selected. Water 
pumped from Diablo Cove is .circulated through the plant's 
condensers and back down to the shoreline discharge structure. 
In the process, the water temperature is raised about 18 F. 

'Because of high additional, costs and lack of environmental • 
advantages, alternative discharge and cooling systems were not 
justified. In cooling towers, evaporati'on of large quantities 
of fresh water produces the cooling effect. This was seen, 
however, a^ a poor use of a scarce resource. Salt water was 
considered for use in the towers also, but environmental 
pollution from salt emissions into the atmosphere was deemed too 
serious. Another alternative^ cooling ponds, would also avoid 
raising the temperature in Diablo Cove, but would require 
substantial land area and a water supply to compensate for large 
evaporation losses. It was PG&E's belief that once-thrcftjgh ' 
cooling, using ocean water, was the least expensive alternative 
and would result in the highest power plant efficiency with 
minimal land use. 

Biological Impact ' 

Biological effects v/ere considered^ and evaluated by a series of 
studies in Diablo Cove and surrounding waters. The primary 
objective was* to establish background conditions and the impact 
of the thermal discharge on marine life. Due to its commercial 
importance in the area, the abalone industry there was given 
considerable attention. Although the cooling water discharge 
could create unfavorable thermal conditions in the Cove for some 
species, other ^species less sensitive to the warmer water would 
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eventually replace them, resulting in a change in species 
composition in the Cove, but a denser and richer association of 
organisms. 

d. Radioactive Discharges 

Design, cost, legal and ecological considerations are primarily, 
involved in the control of radioactive discharge. In the 
operation of a nuclear power reactor, mdst of the radioactiv'e 
materials produced are contained within the fuel elements of the 
reactor vessel. Small quantities of liquid and gaseous material 
'are rel,eased from the plant by a strictly qantroVled process. 
The design of the plant keeps these" releases as low as practical 
and also within A6C limits.. Because not all of the radioactivity 
generated is retained in the fuel rods/, the power plant is" 
equipped with an extensive waste hanc|;King system. Radiation 
monitors and radiochemical analysis maintain surveillance over 
releases from the "waste disposal system. 

Man can be exposed to radiation in two primary ways, externally, 
from gaseous wastes, and internally, from ingestion of seafood' 
containing concentrated radioactive wastes. It was estimated 
that radiation exposure to persons in the vicinity of the plant 
would be 0.6 millirem per year. Tests also determined that in no 
case^would "body burden" of any species group in Diablo Cove 
exceed the pennissible "body burden" for man. Because lower 
forms of life are less' sensitive than man to radiation, it was 
concluded that no hazard to marine ecology existed due to plant 
operation. To verify these "conclusions, an extensive- 
environmental monitoring progrcon was designed to. aid In 
confirming the effectiveness of waste disposal 'systems arrd to 
develop procedures for increased protection of the public from 
the radioactive effluents of plant operation. 

e. Construction Effects 

In building the units at Diablo Canyon, contractors focused 
'-their efforts toward preservation of the area's ecological and 
• .aesthetic qualities. During construction, efforts were made to 
minimize adverse environmental effects associated with large 
scale construction activity. Overall topographic, vegetative 
and wildlife characteristics of the site were disturbed as 
little as possible. 

Road, warehouses, laydown areas arid the construction camp were 
planned to be as unobtrusive as possible. TKe access road from 
the town of Avila Beach to the plant site was carefully routed to 
accommodate any future potential land use and to consider the 
-natural and scenic features. Cuts were kept to a minimum, and* 
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grading was matched to natural contours. Landscaping with 
native plant materials minimizet;! ecological^ impact on local 
flora and lessened erosion problems. 

PG&E cooperated with environmental preservation gr*oups to 
minimize disturbance of the large coastal qaks in Diablo Canyon. 
Although the 'oaks were not unique or rare, ^ the switchyards were 
arranged at different levels to fit the topography ahd avoid 
large oak stands. Where necessary, natural appearance and 
, forage were restored by a long-term landscaping program. \ 

• Special criteria were used tpr brea^ater construction ^to 
prevent adverse environmental effects. Dirt and debVis ^. 
discharges were controlled to prevent x)bjectionable .foami,ng. 
Beaches impaired during construction were rest^red^to their 
original ^condition and protected against heavy ocean surf by' 
precast concrete tribars. 

To help restore the site after construction, persons 
knowledgeable in r^estoration methods and familiar with native 
flora tested soil ' stabilization methods developed a' 
comprehensive program fflr vegetation supply and natural 
landscaping u^ed on the site. 

Aesthetics 

Aesthetic considerations greatly Influenced the design of the 
Diablo facility, -PG&E's philosophy , was to have the architec^e 
of the plant make a bold statement that* would compliment the 
natural coastal setting. The plant was treated as an integral 
part of its surrounding ^^'d care w^is taken to unify. and contain 
the varioqs plant .functions within as limited an area as 
possible.^ Earth colors were used on the structures to harmonize 
with natural surroundings, while hatural concrete finish was 
matched to the texture of the sea, cliffs. Power plant 
outbuildings were arranged to give proportion and balance to the 
setting. Eor instance, the horizontal turbine - generator 
building, with narrow windows and rounded rdof structure, 
reflects the sloping hills nearby; then reactor containment 
building contrasts with a rounded vertical element* 

Waste Disposal 

Complex and controversial issues in the area of design, 
political science, physical . science, systems management and 
biological systems are involved in the management of nuclear- 
waste. During reactor operation, most of the radioactive wastes 
are contained in the fuel rods. As the fuel rods expend their 
energy, they are periodically removed from the reactor and 
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stored until such -time as they can be shipped to a reprocessing 
plant to havQ the residual fuel separated from the waste, 
materials. Stnce the wastes consist of a multiplicity of 
created" elements which have their own radioactive 
characteristics, management of them becomes a major design 
consideration. Some of these wastes have a very short half-lite, 
however, some have a half-life of thousands of years (Plutoo^um 
239). At .present, wastes are stored in cooling ponds at /the 
individual, power plants for eventual shipment to a federal 
depository. The ERDA plans to solidify these wastes and bury 
them in stable geological formations such as salt mines. 
However, it is a widespread opinion among scientists that waste 
disposal will require a high degree of perfection, and social and 
geologic stability to avoid endangering subsequent generations. 
Ihe chance of premature waste release could pose a threat for 
hundreds and even thousands of years. Engineers will be 
challenged by the complexities of the disposal issue as methods 
are brought into full use in ^5-30 years. 

Safety of Operation . ^ 

In an engineering project the magnitude of a nuclear plant, there 
are many areas of concern in regard to safety of operation. 
Consideration of biological systems, design, life sciences and 
law are a few of the fields invx)lved. Because the hazards of 
nuclear plants are potentially large, all parts of the nuclear 
fuels cycle must be examined for public risk. 

* . ' • . - 

Although the largest fraction of the radioactivity in the • 
reactor is due to the isotopes and transuranic elements produced 
in the fissioning* ^f uranium, the remainder is the result of the 
capture of neutrons by the reactor structure material. Once the 
reactor shuts down; there is a rapid decay in radioactivity which 
produ^s heat. ■ It is the need to remove t/iis residual heat after 
^huW^ >/hich has led to the concern over the many safety 
featdrfes of the redactors. The Nfuclear Regulatory Commission was 
createp to ensure adequate protection in reactors by specifying 
myltjple barriers to. contain radioactive material and emergency 
sy^temi^ to maintain the effectiveness of the barriers* 

Competition from other power sources is another aspect of power 
plant economics. Reliability- is also an important issue in the 
econbmy of plant operation. If nuclear plants break do^n more ' 
frequently than coal or oil-fired plants, then, some of their 
economic advantage is lost* Because nuclear plants involve 
higher initial capital costs than convientional plants, they are 
particularly sensitive ^ cost wise ^to changes in "capacity 
factor." This is becaus§ a conventional plant is able to cut 
back full deliveries in ^the ev^nt of a plant breakdown, but this 
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is not easily done in a nuclear plant (it's fueled only once a 
year). So, fine tuning .is .much more important to the engineer 
concerned with nutlear power generatixin than with the less 
complex oil or coal technology.. 

j . Public Policy 

Nuclear power has become a topical issue in recent years. In 
California, the voter.3 considered b change^ in the Constitution 
to severely curtail the xlevelopment of new power plants and 
reduce the operation level of existing ones. Proposition 15 
(Constitutiona] Amendment)iWas one of the hotly contested baTlot 
issues in the June 1976 election in California. In conjunction 
with the fssue before the voters, the Legislature considered 
three other pieces of legislation that in essence addressed many 
of the same issues contained in the proposition. In particular, 
the issue of nuclear power, development brought into'focus the 
interaction between engineering, .and the public need. Many 
engineering companies, utilities' and manufacturers became 
involved in this issue, and there was greater interaction , 
. between the technical community and the general public than had 
ever before occurred. \^ 

• The importance of the development of public policy in a technical 
area was a traumatic lesson to the engineering community that had 
little previous understanding of the political and governmental 
pT*ocess. * Many .engineers w6re calletJ upon to sit on a panel to 
discuss the issues. Television appearances and other media 
contacts were frequent. Other engineers were asked to testify in 
the .'hearings' conducted by the California Legislature^ i^n 
conjunction with ^the Proposition andjthe three legislative 
bills. » . ^ \ 

What should be the extent of the engineer's understanding of the 
political ahd governmental process in light of the significant 
relationship. between the development of public policy and the 
application of s.cience and technology to social needs? Should 
engineers be communicating dir-ectly with the uninformed public 
and provide input into^ the legislative process in areas 
concerning technology? ' Should engineers restrict their 
'involvement to technical matters and rely on nontechni^aiiy^ 
Strained individuals to develop the pubfic policji^tiat- determines 
— the course of. the engineering projects? ^^^^.^--^^^^^^ 

The voters ' turned down Propo§itT^n 15, but the Legislature 
^ passed the three bills tbaVSccomplished many of the goals of the 
Proposition, Engineers aod engineering societies were heavily 
i fnvolved^iji-providing the public with information on the nuclear 
'vji^^^^^'^^su^ Because a clear majority of engineering projects 
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are the subject of, public pol icy , is greater interactiorf between 
engineers and the public needed to ensure that technology is 
applied to the best long range interest of society? How much 
attention should be x|iven to the political and government 
process in the engineer's educational experience? i 

Summary ' 

The development of a nuclear power plant was selected because it 
best exemplified the breadth of parameters invaJved 'trt^a single 
engineering project and the effect of public awarehesV of the 
issues on the engineer who must make continuous tradeoffs in the 
design and development of such systems. TRe least expensive 
approach may not m^et the need for environmental and safety 
considerations. The' design that minimizes costs may * not be 
satisfactory in light of government regulations or public 
feelings. The most convenient site location may be very 
disruptive to the ecological system or may require furtlier 
knowledge of the seismiq characteristics of the chosen area. 

What should be the extent of the engineer's technical and 
nontechnical knowledge of the factors involved and what should 
comprise the technical^delivery system? What is the engineer's 
ethical responsibility in the design and development of systems 
of keen value to society on the one hand, but with major social 
considerations on the other? These questions must be raised in 
the education of engineers and in the evaluation of their minimum 
capability for State licensing purposes. Currently, there are 
no State licencing requirements for engineers who design and 
develop r>uc]ear power plants. Their design is closely 
controlled by the federal government. 
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4. FlfLDS OF UNDERSTAn!)ING 

The analjsis of engineering prpjects provided a great deal of 
inforfnation on types of knowledge involved in engineering practice* 
From this information,^ a listing of the technical and nontechnical 
.parameters of engineering practice was developed. Fourteen separate 
parameters were iderttitied and defined: • 

Physical Science : "Ihe precise description of existing phenomena, 
oftep using mathematical models. 

Engineering Science :-* The application of a knowledge of mathematical 
and natural sciences gained by s.tudy, experience, and practice to 
'develoRways of utilizing materials and forces. ' 

Design/Appl ication : The process of applying variousjt^hniqljes and 
scientific l)r1nciples Tor the purpose of ^ defining a device, a 
process, or a system in sufficient detail to permit its physical 
realization. * • ^ . 

. Engineering Technology : The use of products, systems, processes, 
devices, mechanisms, and technical know-how associated with the 
practice of engineering. . ^ 

Ethics: Standards of conduct. 

Communication Arts :, The study of effettive language use. 

Managejnent Science : The .study • of methods of applyifig manpower, 
material and other resources to produce goods and services. 

Economics : The ^development and sCudy'of theories of production, 
distribution^ and consymption af goods and services. 

Law: Any established practice which is potentially enforceable by 
•^judicial action. 

Political Science : The study of the, interaction of individuals 
and/or structured groupl with other structured groups. 

Behavioral Science ; Th'e study ofl the individual and social. behavior 
of people. I 

Life Science : The sciences of living organisms. 

Humanities : Sensitivity for and appreciation of aesthetics-^nd art. 
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History : The study of man' s heritage. 

These types of knowledge were called the "fields of understanding," 
encompassed in all types of engineering practice. It was clearly 
recognized that it would be implissible for an enginee^r to be an 
expert in each of these fields. Consequently, the degree of 
understanding of the "fields" an engineer should possess is relative 
to his function in an engineering project. Understanding must 
increase proportionately as the individual's scope of responsibility 
increases. However, it was also recognized that every engineer 
should have, some exposure to all of these fields if the practice of 
engineering is to be responsibly conducted. 

In order to account for the vary^'ng "degrees of understanding" an 
engineer may be required to possess at any time.in his career, a 
"learning scale" was developed; • 

0 None : Having little or no knowledge of a subject area.- 

1 — Awareness: - Having sufficient knowledge of a subject area to 

recognize problems in that area and the type of talent needed to 
■solve them. 

i 

2— Sensitivity : Having sufficient kpowledge of a subject area- to 
recognize problems in that area and the type of talent needed to 
solve them .and having the ability to make sojne preliminary 
judgments corrcerning problems in that area. 

3 — Proficiency : Having sufficient knowledge of a subject area to 

recognize problems in that area and develop solutions to them. 

4 Expertise : Having sufficient knowledge of a subject ar^a to 
develop new approaches to solving difficult problems in that 
area. 

The "fields of understanding" and "degrees of understanding" are 
employed throughout the study as guidelines in the analysis of 
engineering education" and registration in their application to 
solving societal needs/wants. 
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HIRING, PROMOTION, AND TENURE ATTITUDINAL SURVEY 

I. Introduction 

The effect of faculty profile in the development and maintenance of 
high quality engineering educational pr6tf*:ams has been alluded to in 
prior studies. To further evaltjate* this Effect on the hiring, 
promotion, and tenure practices of some of tha, major engineering 
educational institutions in 'Cal ifornia, a survey was conducted The 
questionnaire covered specific topics and' included an open 
attitudinal question. 

Faculty from the University of Californjia, California State 
University and Colleges, and the indepeodent colleges and 
universities were surveyed. The methodology,- analysis of responses, 
findings, and conclusions are presented in this appendix. 

II. Distribution of Survey Ouestinnnairp 

' ~~ ^ 

Eaculty were contacted through their institutions which were 

Identified through the ECPD annual report. It was requested that all 
engineering institutions with accredited engineering programs 
provide copies of the questionnaire to their facufty members. The 
questionnaires,' when completed, were to be returned by each faculty 
member directly to the California Commission on Postsdcondarv 
Education, . • \ . ^ 



III. Survey and Response Rate • 

;0f 1,648 questionnaires sent to institutions, 29 percent were 
i^eturned. , The 'following analysis, was supported: 

The mean response rate from all campuses of the University of 
Ca\l Ifornia was 46 percent; for the California State University and 
Colleges system, 40 percent; and from the independent tol leges and 
universities, 24 percent. Tablet summarizes these findings. ' , 

The number of questionnaires sent to each'schpol was based upon an 
estimate of the number of engineering faculty, as indicated in the 
rnost^ current school catalog. In May of 1976, the questionnaires were ■ 
sent to each dean of an accredited engineering program with a letter 
of instruction to "distribute the questionnaires to each faculty 
member, and if necessary, to duplicate additional copies As 
required. \ 
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It appeared as 1:hougti niost re^sponses'had been completed by the end of 
June 1975. However, in August 1976, a package of ^completed 
questionnaires, representing more than two-thirds of the total DC 
responses, was Teceived. These had apparently been accurtulated by 
:the University's central office in "University Hall" (Berkeley) 
before transmittal to the Commissiorron Postsecondary Education* As 
a ^result of the staggered. receipt of the responses, a comparative 
analysis was. made to ascertain variations, if any, in the data^ 
received from the faculty members directly, and that which .was 
received 'from the University. 



IV. Eindings ■ 

A. ESculty Background . . ' * , 

• 

The survey examined three major aspects of faculty. background: (1) 
How many faculty members were tenured; C2) the type and origin of the 
degrees received by faculty members; and (3) the percentage of the 
faculty with experience in engineering practice. 




the ^survey results indicated that a high percentage of the 
engineeri'hg faculty received their education from re>atively few^ 
institutions, and that ninety-se>^n percent had doctorate degrees. 
Of a total of 64 schools identified, Stanford, UC Berkeley, UCLA, Cal 
Tech, and the M.I.T. awarded 46 percent of the doctorate degrees. 
Sixteen percent of the respondents received their advanced degrees 
from Stanford University. Further analysis indicated that 75 
percent of the doctorates had been awarded by 20 schools in the 
United States. 

B. Engineering Practice 

Ninety-eight percent'of the respondin^g faculty indicated that they 
had some experience in engineering practice. The' cumulative 
experience profile of all responding faculty was 13.2 years. The 
University of California faculty -4ndicatecl an average experience of 
14.3 years; California State University and Colleges and independent 
colleges and universities indicated an average of 13.1 and 12.2 
years, respectively. 

These data did not distinguish between part-time consulting and 
full-time activities, although some faculty respondents equated a 
year of part-time consulting activity with a full year of engineering 
experience. This was one area of disappointment in the forcmulation 
of the questionnaire, since the actual nature of experience affects 
the understanding of engineering practice. ^ 

C. Hiring Practices 

Faculty are hired through a review process involving tenured faculty 
and school administration. Fatuity committees make recommendations; 
administrators implement them. An institution's policies form the 
basis for screening eligible applicants and consequently are 
important in determining who is hired as a faculty member. 

Since engineering faculty participate ioTthe hiring process, a 
survey question was designed to determine how faculty members ranked 
nine possible hiring criteria used in their institutional setting. A 
majority of the faculty members from the University of California and 
the independent colleges and universities ranked the doctorate 
degree as- the most important hiring crfter/ja (65 percent froip UC; 60 
percent from independent school s^. Significant variation was noted 
from school to school. Table II presents the re^duced data from this 
inquiry. The hiring criteria were ranked on a. scale from 1 (most 
important) to 9 (least important). A more refined presentation 
showing the priority ranking of hiring criteria appears in Table III. 
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It should be noted that ^e data are qumulative and ttiat v.anation 
existed among faculty n^^^rs in each of the three segments of higher 
education. Respondents from the Galt-fornia S^|ts- University and 
Colleges -segment ranked ipdustri^al^ experience as'most important, and 
.the doctorate degree, second importance. * 
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D. Promotional Criteria 

Engineering professors were asked to- rank research, teaching and 
public service by the degree of emphasis each was given in 
promotional practices within their departments- Table IV shows the 
results of this inquiry according to the school [systems of origin. 

One-hundred percent of the respondents from the University of 
California indicated that research ranked number one in priority -in 
their departments. Eighty-six percent ranked teaching and public 
service second and third\in importance- 
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Ranking of Research, Teaching and Public Service 
by Institution 
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) Fifty-nine, percent of the respondents from the California State 
"^University and {lollege? felt that their departiiient priorities were 
priented toward public service, research, and teaching, in thJsit 
order* Thirty percent felt that* the proper ranking order placed 
teaching' first, with research and public^ service following* Only 
eleven percent offfchis group agreed with, the University of California 
in ranking research as number one in priority* Sixty-eight percent 
of the faculty from the private schools showed a belief that their^ 
departments were primarily intereste"^d in teaching, research, and 
public service ranked in.thaft order* Possibly, the faculty from the 
California State University and Colleges were responding in Tight of 
the State mandate in the '"Master PUn for Higher Education" in which 
the University of • California was identifi^^as the Research facility 
for the State of California in higher education matters* 

It is difficult to draw precise conclusions from any survey, but the 
data from this inquiry seem to fit a pattern of past recognition* 
The engineering education programs inf.- the University of ^California 
tend to be biased toward basic surience, math, and research* The 
engineering programs in the State University System seem to be 
sensitive to practicality ancj public reaction* The private*, 
institutions ^seem to emphasize teaching ability. v ^ 

E* Attitude Toward Tenure 

The respondent's feelings on the general subject of tenure varied 
widely* Some felt that tenure was essential to achieve academic 
freedom, since the system permits a tenured faculty member to express 



his/her feelings without threat of retaliation from the University 
administration. Without this protection, the faculty turnover would 
be high, security low, and much -time would be spent on resolving 
faculty/admini strati on problems. One respondent stated that it was 
a choice between tenure and formal collective bargaining, though the 
latter issue is novTwel Testabl ished on some university campuses. 

Some respondents felt that the tenure system was self-defeating in 
that it locked some faculty members into positions that might 
otherwise be available to more creative and innovative individuals. 
"The system promotes stagnation, at the top,'* according to several of 
the responding faculty members.. One respondent succinctly presented 
the general opposing view when he stated, '*As I see it, the meaning 
of tenure is no longer "protection of academic freedom, and from 
summary dismissal,' but^rather a license to stagnate. I beli^ve^the 
tenure system in its present context costs many engineering students 
the quality education they deserve. Half of the faculty of the 
School of Engineering at (name omitted to protect confidentiality) 
spend less than 20 hours a week doing what they are paid for. Five- 
and .ten-year-old cUss notes that have never been revised are 
commonplace, and one professor doesn't even bother with notes, he 
reads the book to the students." 

There were many and varied responses to the open question, but only 
the major issues have been presented herein, ^ 

In summary, the tenure system and its effect upon the attitude and 
behavior 4f the professional staff involved in engineering education 
has been a subject of debate for many years. In engineering, the 
institutions' policies and practices that establish the profile of 
the faculty have a direct effect on the type and quality of education 
the student receives.- Education is not the only institution 
influenced by systems such^as te/iure. Conflicts have existed' in 
public employment and private industry for many years that have led 
to the development of systems to provid§ security to workers. Though 
these systems have been used primarily by non-professional workers, 
there is increasing interest being shown by professional workers for 
more formal methods of resolving disputes between workers and 
management. The Civil Service system, collective bargaining under 
the National labor Relations Act or corresponding public policy for 
state, local, and federal workers, are all attempts to provide some 
stability to the work place and to reduce the impact of human 
frailties in managing the activities of workers. However, the basic 
question is still paramount. How do these systems provide incentives 
through promotional policies ti\at encourage innovativeness and 
crea'tivity? Ideally, university policies should produce a dynamic 
faculty with insight not only into effective teaching techniques, 
but also into the actual practice of engineering with a- clear' 
understanding of the basic scientific principles upon which the 
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technical aspects of engineering are based.- A faculty of this nature 
is imperative in order to best serve the needs of students, the 
practicing profession and the public. 



APPENDIX C 



^^^^JmgWOF TENURE STUDIES 

Prior s^ucHes of engineering education have, emphasized the ijnpor- 
tanc^f faculty in providing cortsistehtly top quality engineering 
^ucatioq programs; however, many critics charge- that the existing 
tenure system hampers th^iri effectiveness to prepare the engineer' 
for practice in "real, life" situatifns!' 

In reviewing general tenure studies, *it was observed that their 
approach was negatively critical, rather than ^ objectively 
analytica^^ This tone was prompted by increased politicization of 
elements within academic institutions; diminished public confidence 
in the performance lof colleges and universities, especially the 
quality-^ of teaching within them; a natfonwide debate on the purposes 
and direction of higher education; and severe fl-nancial constraints. 
The Special Committee on Campus Tensions and the President' s^' Com- 
mission of Campus Unrest identified the operation 'of tenure as a 
possible cause of the widespread campus unrest of the 1^60s. The 
following studies, briefly summarized, are some of the principal 
examinations of tenure. 

1. The Rights of Nontenured^ Facully : The New Constitutional 
Doctrine of Perry v. Sindermann and Board of Refgents v^ Roth, by 

' Dr. P. Allan Oioniosopoulos, states that academicians^ are not 
likely to accept the' contention of present tenure system 
critics that the -protection of academic freedom requires that 
there be no distinctions between teachers. He cites Perry v. 
Sindermann arid Board of Regents Roth as evidence of an urgent 
need to pursue' the question of the due process, to' which 
nontenured faculty members are entitled. 

2. Steady-State Staffing in Tenure-Granting Institutions ^--^ 
- Related Papers , by W. Todd Furniss, was stimulate^^^questTons 

of the viability of conventional tenure systemsin a ste^dy- 
$tate situation. The paper ideals with the^velopment of a 
college or university personnel policy ^J^table for a time of 
little or no expansion-^ student oir^^ulty numbers and also a 
time when stability follows a perip^ of rapid growth coupled 
with> considerable change in facuUy expectations and in the 
governance patterns of our institotipn^." 

3* The Faculty Promotion ProCes^ An Empirical Analysis of the 
Administration of -LargT^tag UnTversities , by Fred LuthaTis^ 
looks at tt\e university aj^ a functioning organization, and 
attempts to justify the jase of management concepts in the 
analysis of^ academic administration. It provides a descriptive 
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presentation of promotion policies and practices in 46 large 
state universities and utiTizes empirical data to analyze 
centra? control of decentralized business faculty promotions. 

After* summarizing the central and decentral promotion policies and 
practices found, Luthans concluded that 0) only 8 percent of the 
faculty sample felt their pipomotion process was well accepted and 
contributed to high morale; th^t (2) there was no evidence of well- 
formulated, understood" ^hd accepted promotion policies in most 
universities; and that (3)* most poWcies were neither fully 
.communicated nor their results fed back. He advocated central 
control of tfie promotion process to maintain standards and assure 
maximum faculty contributions to the goals of the university. 



The Carnegie Copimission' 
Higher £ducation, made 

decision making process in American colleges and universities: 



s policy report on terujre. Governance of 
three recommendation?^ deal ing with the 



1. That the principle of tenure should be retained and extended to 
campuses where it,,does not now apply; 



2.- That tenure systems should be so administered in practigf 

that advancements to tenure andvafter tenure are based-'^nrnerit, 
(2) that the criter-ia to be used in tenurejleetfions are made . 
clear at the time of employment, (3)--th3t codes of conduct^ 
specify the obligations of t^mHrear acuity members, (4) that 
adjustments in the si^e-;-aiTain the assignments of staff in 
accord with ijistittrfional welfare be possible when there was a 
'fulj^,,..4^isttfiable case for them, (5) that fair internal 

^Scedures be availjable to^hear any cases that jnay arise, and 
(6) that the percentage ^of faculty members with tenure not 
become excessive; and n 

That -persons 'on a 50' percent or more time basis should be 
eligible for tenure,' but the time elapsed prior to making a 
decision on tenure should be counted on a full-time-equivalent 
'ba^is. • . 



Academic Tenure in American Higher Education , by B.N.^ Shaw, 
reporting on the tenure policies and procedures of the participating 
state universities ,and land-grant colleges in effect during 1968- 
19.69, provided data for the review and/or comparative analysis of 
tenure. . . * 

--Two of the .nine conclusions drawn by Shaw in his study were that: 

]. Thirty percent . of the participants answered "data not 
avai]ab]e" on tenure termination' proceedings and faculty 
•dismissals, highlighting a serious deficiency in proper record 
keep.ihg in these areas; and 
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2. That tenure termination cases were not frequent in the state 
universities -and land-grant colleges. (14 of 80»institutions 
reported only 27 faculty dismissals in a 10-year period.) 

Shaw made - four recommendations .for further examination of tenure,' 
and suggested a "format f or a s tatement on academic tenure policies 
and procedures, . ; " ' f""' 

In a collection of essays, The Tenure Debate , by Bardwell L. Smith 
, and Associates, important issues facing higher education were 
the evaluation and improvement of teaching; the' balance, between 
teaching.and research, and which kinds of research are appropriate to 
,a university;^ the ingredients and process of shared governance- the 
complex relationship between the academy and society; and' the 
dimensions and vehicles of learning available." 

^3culty Tenure: A " Report and Recommendations by the Commission on 
Academic Tenure is. perhaps the most extensive study of tenure done 
thus far. The report (1) examines the operations of the tenure 
system, (2) evaluates criticism- of tenure, (3) considers' alter- 
natives to tenure, and .(4) makes detailed recommenSations for 
improvement and modification. 

The major recommendation of the report was that faculty tenure should 
be retained "... because it is still the ohly reliable guardian of 
academic freedom." It is the Commission's belief that the many 
deficiencies of tenure were in its application and administration. 
These deficiencies, it was felt, were remediable-by reform efforts in 
institutional policy, practice and professional standards, and 
priorities on the part of individual institutions and by faculties 
themselves. , " ^ 

The Commission's view was that the problems facing higher education 
were due to educational changes and could not be resolved by any 
simple change in academic personnel practice, such as in the / 
modification or abolition of tenure.' T^e Commission did not find tKe 
alternatives to tenure as workable or effective as a streng.thened/and 
renewed system of tenure. " ' 

The Commission's 47 proposals advocated (a) new emphasis on 
institutional responsibility, (b) attention to some neglected 
elements of an effective tenure system, (c) recognition of tenure 
problems a% related to the professional development of the faculty, 
(d) specific means of strengthening institutional tenure plans in 
normal operations, (e) consideration of a number of special problems 
of current concern, and (f) measures for needed informatio'n and 
research to assist colleges and universities in improving, and 
maintaining effective faculty personnel programs. 
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Conclusion 

The tenure process is a matter of great concern to the academic 
world. How this concern is reflected in the quality or direction of 
instruction provided in Ca^lffornia engineering education programs is 
\presented in the survey Jresults on hiring, promotion, and tenure 
selection cflt^ria^irrthiBYma^^^^ report. ^ 
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APPENDIX 0 ^• 
PROFE^IONAL AND TECHNICAL SOCIETY SURVEY 



1. Background: . " . ' - 

Numerous technical organizations, -representing the technical 
disciplinary ■ lines of the engineering profession, have 
developed in .the last 100 years and for many of these dis- 
ciplines, parallel accredited degree programs are offered in 
California educational institutions. These technical societies 
have a significant input into the structuring of engineering 
education in -their respective disciplines because of their 
representation on the Board of the Engineering Counci'l for Pro- 
fessional Development, and the participation of their member- n 
ship on accrediting teams. Additionally, in California, regis- 
tration of professional engineers is by technical discipline, 
and the technical societies "^lave played a role in "lobbying 
actions' resulting 'in the establishment of new licensed 
technical disciplines. Once th% rtew discipliees are 
established, thi licensing requirements are developed by the 
Board of Registratipn With the assistance , of the technical 
society. 

All of the societies, with >the 'exception of the California 
Sofciety ^f Professional Engineers, are divided into loca-l • 
sections of national organizations. The 'CSPE is a statewide 
organization composed of chapters. The state:'societies such as 
the CSPE, comprise the controlling Board of the National 
Society of Professional Engineers with representation based 
upon state society membership. Thus, this single organization 
. represents the " interests of registered and nonregistered. 
engineers of all disciplines. In contrast, there are several 
autonomous sections of the American Society of Civil Engineers 
in California, but each is a member of the' ASCE national 
organization. The same is true for the societies for, mechanical 
and electrical engineers, etc. 
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2. Objectives 



A survey quest tohnai re was prepared and sent to 42 individuals 
in 15 major technical and professional engineering societies 
representing a.broad spectrum of engineering discipl ines. 
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Among the objectives of the survey were: 

. To determine the relationship of the professional and 
/ technical organizations with the Board of Registration; 

. lo ascertain the specific interest of each society in the 
Act; and • • ' 

. To determine whether engineering societies support the 
concept of inandatory regi strati on for engi ne^ri ng 
practice. , . 

The survey also covered: engineering examinations; alter- 
natives to registration; licensing through the "grandfathering" 
method; work experience appliej^toward registration; ^'fields of 
understandi ng" i n the regi stration procedure ; and codes of 
'ethics for engineering practice. , ^ ' 

Each individual surveyed received an o\?erview of the engi- 
^neering registration act in California, a. listing of the 
"fields of understanding" together with definitions, and a copy 
pf the questio.nnaire. 

/ , " ^ ^ 

Survey Groups 

The following technical societies were contacted: 

^American Institute of Aeronautics and Astronautics 

American Institute of Chemical Engineers 
^American Institute of Industrial Engineers, Inc. 

American Institute of Petroleum Engineers 
^American Society of Agricultural Engineers 

American Society of Civil Engirreers 

American Society gf Heattng, Refrigerating, and Air- 

Conditioning Engineers, Inc. 
^American Society . of l^lechanical Engineers 

^American Society for Metals - ^ 

^American Society for Quality Control 

^Institute of Elettrical arid Electronics Engineers, Inc. 

^Institute of Traffic Engineers— . . ^ 

.^Society df Eire Protection Engineers 

Society of Manufacturing Engineers 
^Structural Engineers Association of California 

Responses were received from 13 individuals representing 10 of 
the 15 societies; a 67 percent return, the asterisks on the 
above list indicate those societiesLwhTch' responded. • 
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With the exception of the .American Society of Heating, ^frig- 
erating, and .Air-conditioning Engineers, the"" discipl ines r^re-^ 
sented by_ the survey grodp are licensed under the Califorhia 
registration laws. Ihree disciplines, mechanical, electrical 
and civil engineering, are covered urrder mandatory practice 
provisions (with the exception of the exempt areas of 
practice). 



iSurvey Bindings ' 

a. Liaison With Board of Registration 

Eighty percent of the responding societies reported that they 
maintain some contact with the Board of Registration for Pro- ; 
fessional Engineers. Ihe type of liaison varied from volun-' 
teers to ad hoc committees, and the frequency of contact ranged 
from weekly to two times per yeat. In two cases, the engi- 'Z 
neering groups claiiiied they had no contact with the Board. ' Mpstf*' 
respondents indicated that their pieties primarily comniun'fs.f " 
cated with Board staff members on- matters before jthe Board ,.<buT* 
a few also had some direct contatt with Board members' ^: 




b. Primary Concerns With Engineeriag Act 



In genera], the special interests of each respanMng society 
were reflected in the following concerns expressed about the 
administration of the ProfessionaVEngineers Act: 

7 

1. Mandatory, registration for all engineer's with no exemp- 
. tions; r^^'"'"'^ 

Minimization of proliferation! of 
gineering specialties; 



narrowly defined en- 



3. Maintenance of high standards. of engineering practice* 

4. Enforcement of. the Professional Ehoineers Act; / 

5. Registration of qualified engi neers^Vthe discipline of 
, a particular branch; 

6. Development of satisfactory regis-tration examinaj/ion; 
Z. Maintenance of the status quo; / 
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8. Preparation of test questions; ' 

9. Use of "professional engineer" as af meaningful and re- 
spected title by p^ers and the public; > 

10. Being informed about changes in the Act; 

11. Changes causing hardships with existing practicing en- 
gineers; 

Fair treatment of particular engineering disciplines by 
the Board; and 

> 

Safeguarding the "title" concept of the Act as » presently 
written. 

c. Monitoring Legislation and Legislative Advocates 

Eighty percent. of the responding engineering organizatiofis in- 
dicated that they monitored legislation pending before the 
California Legislature pertaining to amendments to the Pro- 
fessional Engineers Act. However, eighty percent of the or- 
ganizations have no paid legislative advocates/lobbyists. 
Over half use volunteers to follow legislation, and some rely 
on legislative information and research disseminated by the 
staff of the California Society of Professional Engineers. 
C3PE is not a lobbying body in the trAje sense, but the 
organization does monitor legislation and makes its findings 
available to members and to other interested organizations. 

d. Mandatory Registration — . ' ^ 

Fifty percent of the societies favored the concept of man- 
datory registration for all engineering practice; twenty per- 
cent opposed it, and thirty percent did not express a view- 
pbint\^ / . . 

e. Automatic Registration for Graduates 

Seventy percent of the societies did not favor automatic 
registration of graduates of the Engineers' Council for Pro- 
fessional Development a^redited engineering curricula; twenty 
percent favored it. The same seventy percefnt: who did not 
approve favored two state examinations at the termination of 
the Bachelor of Science program, one on principles and the 
other ^n engineer^ing practice, • separated by a specific period 
of timfe, such as two years* This is the current practice in 
California for established engineering specialty disciplines. 



f. Registration Alternatives 

Seventy percent of the societies felt that there were' no al-* 
ternatives to registration to provide mihimum standards of 
competence for the protection of public ^ health, welfare, 
safety and good, Ihi.rty percent favored alternatives such as a 
degree from an accredited curricula, certification by the 
related engineering technical society, or in one instance, 
certification by the employer's backing and reputation. 

g. Grandfathering ^ 

fiinety percent of the engineering groups favored grand- 
fathering of currently practicing engineers in California; 
only the Structural Engineers Association of California 
opposed it, (Grandfathering * is the- current practice for 
licensing engineers into newly established specialty 
disciplines. Qualified applicants do not have to take written 
examinations. ) 

h. Experience Credit , ^ . 

The engineering societies unanimously felt that experience 
credit toward registration should be granted for formal' . 
engineering education. Eighty percent said they would grant a* 
straight equivalency, year-for-year credit; ten 'percent 
favored half equivalency credit; and ten percent favored 25 
percent equivalency credit. Current practice is straight 
equivalency for accredited degrees; half equivalency for 
parti a-l or nonacqredited degrees. 

i. Fields of Understanding \ 

In the registration-examination procedure, the organizations 
were asked to assign a weight factor to the various "fie^ds of 
understanding." Subjects receiving major emphasis^ -were giv^n 
a rating of four; moderate emphasis, a rating of threes light 
emphasis, a rating of two; and non emphasis'* a rating of one. 
Since ten organizations responded^ the highest possible score 
for each subject was 40. Ihe; following is a listing of the 
"fields of understanding" with the cumulative rating giv^n by 
the engineering societies: • , 



Engineering Science 
Physical Science 
Design/Application-^ 



36 
36 
32 
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Ethics 

Communication Arts 
Economics 
Management 
Law 

Life Sciences 
Behavioral Science 
Humanities. 
History 

Political ScienAe 




j. Code of Ethics 



Sixty percent of the societies indicated that^^eir organi- 
zations had a code. of ethics for engineering practice, thirty 
percent said their groups had no code, and one society gave no 
"^^Sjjjsponse. 1 

Survey Conclusions ^ 

a. Most enginaering societies wer^ cognizant of the oper- 
ations of tne Board of Regist^aWtn for Process ional En- 
gineers, and maintained some form of contact with the 
Board on a regular basis. The answers to the survey 
questions reflected eacji organization* s ciesire to. 
protect its own special interest. 

The engineering societies were generally satisfied with 
current practices and procedure's, and generally favored, 
maintaining the status quo. " 

c. Fifty percent pf»*the respondents favx)red changes in the 
area of mandatory rfeg.istratfon. N.4nety pergent said 

* ' that currently practid'irtg "'engineers should be 
grandfathered jnto licensed engineers. 

d. Most of , the surveyed organizations saw .no_ educational 
need to broaden the spcial, e^conomic, busitiess, legal or 
poljtica] environment of the engineering/Students. Ihe 
majority of the survey group emphasized engineering and 

*! physical sciences' rather than total problem orient^ition. 
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CONTINUED PROFESSIONAL DEVELOPMENT REQUIREMENTS FOR RE-LICENSURE 



In October 1971, the CaT^fornia Senate adopted a resolution (SR 218) 
by George D^ukmejian relative to continuing education as a means of 
encouraging registerred professionals (not limited" to engineers) to 
keep. abreast of new professional developments in the fields for which 
they were licensed. The resolution stated that continuing education 
was necessary in order to safeguard the health and safety of the 
^ public. The legislation required each licensing agency in the state- 
to file a preliminary report on continuing education pnd describe the 
«t approach or plan it would be prepared to adopt for its licensees. 

The Board of Registration for Professional Engineers appointed the 
Ad l^c Committee on Professional Development to respond to the Senate 
resolution. The final report of the Committee was submitted to the 
, Board on September 30, 1975. This project examined the report and 
reviewed its recommendations to determine the Board's position on 
continuedlProfessional development. 

At the time, the Committee recommended that the Board not jnandate 
professional development as a requirement for registration renewal. 
• Rather, it urged the Boapd to publish a perio'dic summary of 
significant Board actions,' departmental . legal opinions. Attorney 
General opinions, new rules, newly adopted Board policies, and 
disciplinary actions for use by all registered engineers. , ^ 

The Committee pointed out that a large percentage of all engineering * 
work performed in this state was not performed by registered 
engineers because of the exemptions allowed by Sections 6746 and 6747 
of the Act, and because the Act controls only the practice of 
.engineering in the civil, electrical, and mechanical, disciplines. 
The Committee recommended the elimination of .these exemptions so 
that regulations, meaningful to the public interest would be 
required of all individuals practicing en^\new4ng. 

In addition, the Committee recommended that the Board: 

- Encourage registration, particularly by universities, for all 
engineering students as soon. as possible after ^aduatibn;. 

- Increase enforcement efforts, including better coordination 
with code enforcement officials to assure compliance with Board 
disciplinary^ actions and provide for more effective 
disciplinary actions for violations'; and 
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- Establish a permanent professional development committee whicti 
would, among other things, establish a code of ethics and/or 
rules of conduct as pan of the Professional Engineers Act. The 
Committee supported each engineer's obligation to maintain 
professional development on an ethical as well as technical 
level. 

The Ad Hoc Committee observed that a mandated program of professional 
development, applicable to thoW engineers presently .registered, 
would provide little or no improvement in the welfare of the public 
because only a minority of those\ registered offer their services 
directly to the public. Therefor^ the Committee concluded that 
mandated professional development of registered engineers was not 
necessary in order to assure the pub\ic health, safety, and welfare 
and would not necessarily improve servKces to the public. > 
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APPENDIX F 



^ NCEE "MODEL LAW". - ENGINEERING REGISTRATION 

The National, Council of Engineering Examiners (NCEE), composed of 
representatives from state and jurisdictional registration boards, 
IS a strong advocate of registration for practicing engineers, and is 
highly respected for its many yearS of experience and research. A 
document entitled "Model Law" was jarepared by NCEE and is a reference 
work and guide to provide "greater uniformity of qualifications for 
registration, to raise these qual ificfations to a higher level of 
accomplishment and; to simplify the interstate registration of 
engineers . ..." This document indirectly presents the views of the 
member boards on the relationship between engineering education and 
registration, and societal needs/wants. The major pravisions of the 
Model Law" are presented below. " ' 

1. Purpose and Definitions . • 

According to the "Model Law," regulation of the practice of 
engineering is required "to safeguard life, health and property, and 
> promote the public welfare . . .", and is a requirement for anyone 
practicing engineering. The term "practice of engineering" is the 
key to the scope of the.. Act and* its purpose. The practice of 
engineering is given a comprehe'nsi\;e definition of this term: "any 
seryigg or creative work, the adequate performahcfe of which" requires, 
engineering education, training and experience in the application of 
special knowledge of the mathematical, physical and engineering 
sciences . . .." Numerous 'examples of engineering practice are 
provided, including "such services or work, either public or/ 
private, in connection with any utilities, structures, buildings, 
machines,- equipment, processes, work systems, projects, and 
industrial or consumer prodjcts . . .." Thus, under the "Model Law," 
there are many areas of engineering practice included for 
registration which are historically exempt under the California/Act. 



The composition of the Registration Board and its source of ' 
appointees would also differ from the process under iije^al ifornia 
Act. Under the "Model Law," the Board would consist entirely of 
professional engineers, appointed by the Governor from a list 
provided by the State's representative engineering societies. In 
California, as a result of. legislation passed in 1976, a majority of 
the Board members are nonengineers. 



2. Board Composition and Powers 
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The "Model Law" would provide the. Board with the power to: 



a. Adopt ,and amend all bylaws and rules of procedure not 
inconsistent with, the constitutiori and bylaws of the state. 
Adoption of Rules of Professional Conduct would be a primary 
duty, 

b. Subpoena witnesses $ compel their attendance, and require the 
submission of books, papers, documents, or other pertinent data 
in any disciplinary matter or in any case where a violation of 
the Act is al leged. 

. • » • . 

c. Apply for injunctive relief in'cases of civil procedure to 
enforce the provisions of the. Act. 

d. subject an applicant for registration to such examination as 
deemed necessary to determine has qualifications. 

3. Registration Process 

The "Model Law" would provide four different approaches for 
registration. as a professional engineer: 

a. Under registration by endorsement, a person holding a 
certificate of registration from another state .with 
qualifications comparable to or more strict than the state in 
which 'application is made., may be registered without further 
examination. " 

b. In the second registration method, a graduate of an engineering 
curriculum "approved by'the board," with four years or more of 
progressive experience on engineering projects (California 
requires two years of experience) may take two eight-hour 
examinations, -the first dealing with fundamentals of 
engineering, and the second with the principles and practice of 

, .engineering. To qualify for state registration, the applicant 
^/ must pass both examinations. 

c. ' A third registration method is similar to the above except that 

it applies to graduates of an engineering or related science 
curriculum which has* "not been approved by the board." In this 
case, the applicant must have eight or more years of acceptable 
experience (current California law requires^ four years of 
-experience), and must also pass two examinations in order to 
become registered. 

d. Under the fourth method, a graduate of an engineering or related 
science curriculum with 20. years or more of progressive 
experience becomes registered by passing the examination on the 
principles and practice of engineering. 



The midpoint in the registration process, the enginej^r-in- 
training certificate, is incorporated into the "Model Law," but 
the requirements for.it differ from the current California Act. 
Qualification is allowed through two alternate procedures. A 
graduate of an engineering curriculum approved by the Board may 
take the fundamentals of engineering examination upon 
graduation. A grajduate of an engineering or related science 
curriculum not approved by the Board must have four years of 
progressive experience on engineering projects before he/she 
may take the exam. Upon passing the examination, the applicant 
is granted the certificate as an engineer-in-training. 

4. Practice Provisions 

The "Model Law" further regulates the practice of engineering in 
regard to public works. "The state and its political 
•subdivisions . . . shall not engage in the practice of engineering 
involving either public or private property >othout the project 
being under the direct charge and supervision of a professional 
engineer . . . . " 

Under a section entitled "Right to Practice," the "Model Law" states 
that. in corporate practice one or more of the corporate officers 
designated as being- responsible for the engineering activities and 
decisions must be a registered engineer. Furthermore, all final 
drawings, specifications, plans, reports or other engineering papers 
or documents involving the practice of engineering must be signed off 
by a qualified professional engineer. However, "No such corporation 
shall be relieved of responsibility for the conduct or acts of its 
agents, employees or officers by reason of "its compliance with the' 
provisions . . ." of the Act. 

5. Other Provisions 

The administrative procedures of- the "Model Law" are not 
^substantially different from those found in the California Act. 
However, the proposed Act retains exclusive control over the use of 
the w^rds "engineer" and "engineering." 

6. Summary 

There are a number of controversial proposals in the "Model Law": 
mandatory registration, no industry or utility exemptions, a board 
composed entirely of professional engineers nominated by 
professional engineers, education requirements for all methods of 
registration, exc>usive poss.ession of the words "engineer" and 
."engineering," and conditional responsibility for all engineering 
activities reposing with the professional engineer, backed by 
corporate responsibility. ..^^ 
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state registration boards endorse the ''Model Law" as an "ideal" state 
registration act. By requiring a four-year degree for all methods of 
registration, and requiring registration in order to practice, the 
"Model Law" firmly establishes the relationship between engineering 
education and registration. However, the "Model Law" does not 
address societal needs/wants or the content of engineering education 
beyond t-he stated purpose of the Act. 
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INDUSTRY SURVEY ON ENGINEERING EDUCATION AND LICENSING 

Since the majority of all engineers are "employed by industry, a ques- 
tionnaire was designed to determine how companies that employ en- 
gineers view .the breadth of engineering education, the need for con- 
tinued education, hiring preferences of industry, and engineering 
registration. 

1. The College Placement Annual . 1K5; the California ' 
Manufacturer's >Regis.ter ; and the Mirror Times One-Hundred 
Listing were used to obtain a cross section of California 

companies employing engineers. 

^ ■ . — ^ 

The first -publication, the official directory of the regional 
placement associations, provides information concerning the 
positions customarily offered to„ college graduates by 
principal employers. Questionnaires were sent to 44 companies 
listed in the Annual; eight were returned. 

The" second publication., the California Manufacturer's 
Register, is a listing of the manufacturing firms in 
California. Of the 145 questionnaires mailed to companies 
identified from this publication, nine were returned. 

The last' publication, the Mirror~Times One-Hundred Listing 
listed the 100 companies in Cal ifornia' with the greatest gross 
. sales in the 1975 fiscal year. Questionnaires were sent to all 
of these companies; ten were returned. 

The twenty-seven returned questionnaires (10.9%) were 'from 
companies producing high technology products (33%) and 
consumer products (16%), companies engaged in research and 
development (24%), construction (J4%), and consulting firms 
(5%). The remaining four-percent response was from companies 
producing products and services that required some Engineering 
input; There was a wide variation in the number of employees 
and engineers employed by these companies representing a 
desirable^ cross section of California companies. 

2. Findings 

The responses of the companies identified from all these 
publid^tions did not vary sabstantifi,lly from each other, and 
we^e therefore grouped for the discussion following. 
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Breadth of Engineering Education 

Irj the National Science Board' ^ report of 1972, The Role 
of Engineers and Scientists in a National Policy for 
"^chnology , it was established that a transition '''toward 
a concern for a heightened and broadened use of 
technology in solving the problems and meeting^ the -needs 
and desires of society" had occurred. By examining 
several engineering projects, this study identified 
fourteen "fields of understanding" encompassing the 
technical and nontechnical disciplines involved in 
engineering projects. Employers of engineers, when 
asked what degree of understanding engineers should have 
of each field, generally responded that engineers should 
have at least an awareness of the humanities, life 
sciences, behavioral sciences, political science and 
economics; a^ "least a sensitivity for management, 
communication arts, ethics and physical science; and a 
proficiency in engineering science, design/application 
and engineering technology. For a more detailed dis- 
cussion, see' the "Societal Needs" section of the 
detailed di'scussion, in the body of this report. 

Continuejj Education 

As the societal demand for technology increases, so does 
the concern with'the currency x)f an engineer's technical 
knowledge. Employers of engineers in responding to 
questions concerning the importance of continued 
educatipn in engineering practice, indicated that about 
a third of them had continuing education requirements 
for their engineers. Fifty*-six percent of them allowed 
their engineers to take these classes on company time. 
However, 48 percent stipulated that the courses taken 
must be directly job related. When so related, the 
companies were usually willing to pay 75-100 percent of 
the educational expense. Few were willing to pay any 
expenses for classes unrelated to* the job. ^ 

Hiring 

Industrial hiring policies varied substantially, but in 
general, companies were less ^'nterested in engineers 
with Ph.D.s. Over three-quarters of the respondants 
hired persons with a bachelor of science o.r master's 
degree, who lacked full-time engineering experience. 
Only half hired Ph.D.s with no full-time employment 
experience. 
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Overall , companies did not view engineering registration 
as an important hiring qualification. Only 37 percent 
sought regi stered engi neers . Furthermore , on ly an 
average of 15 percent of the engineering staff of the 
responding companies were registered. 

Engineering Registration 

The responses generally indicated that engineering 
registration did nqt play an important role in 
engineering practice (probably because most practicing 
engi neers are exempt , from the regi strati on 1 aw) . 
Ninety-two percent of the responding companies stated 
that there was no pay differential between registered 
and non-registered enoineers. Similarly, 69 percent of 
the companies did notTelieve there was a need for all 
engineering practice in California to be conducted by 
registered engineers, and 65 percent responded that they 
would oppose elimination of the existing registration 
exemptions. 

Three-quarters of the. companies supported the "grand- 
fathering" provisions of the registration law. Sixty- y 
three percent believed that experience-credit toward 
registration should be granted for formal engineering 
education. However, there was disagreement as to what 
the equivalence should be. Only 3 percent of the 
companies agreed that a straight equivalence should be 
granted.* Twenty-six percent would grant only 50 
percent; a like percentage would grant a 25 percent 
equivalency. 

Fifty-nine percent of the res.ponding companies believed 
alternatives to registration would provide minimum stan- 
dards of competence to protect public health, welfare, 
safety, and good. Fortyrone percent favored a degree 
from an accredited curricula; 35 percent believed that 
certification by a firm's backing and reputation would 
be adequate; and 12 percent recommended certification by 
related en^neering technical societies. 
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engineering registration law currently grants four years 
ience-credit toward the six year experience requirement 
" ""rieering registration to graduates of a- Board-approved 
ifig^curricula. (The Board of Registration currently 
js all engineering education programs accredited by the 
Engineers' Council for Professional Development.) * if 
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Summary 



This survey indicated: 

a. That most companies employing engineers recognized the 
importance of continued education and were willing to 
share the cost of it with their employees, as much as 75- 
100 percent, if the course or program were at least 
indirectly related to the employee *s job; 

That most companies were most interested in'hiring grad- 
uates with a bachelor of science or master's degree with 
no full-time engineering experience than- an engineer 
with a Ph.D. lacking similar experience; and 

c. That engineering registration played no currently im- 
portant role in industrial engineering practice. 
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• APPENDIX H 

rINFORMATION FOR REGISTRATION AS A PROFESSIONAL ENGINEER DURING THE " 

INITIAL (GRANDFATHERING) PERIOD 

J 

Bulletin 3-75 • ^ ^ 

* 

BOARD OF REGISTRATION FOR PROFESSIONAL ENGINEERS -STATE OF CALIFORNIA 

1. GENERAL REQUIREMENTS - Each applicant for registration as a 
professional engineer: 

(a) ' must be of good moral character. 

(b) must furnish evidence of nine years of qualifying 
^engineering experience. Experience will be acceptable to 

the Board on a full-time basis except for equivalents as- 
^ , noted below. . 

(c) is not required to be a citizen of the United States, nor a 
resident of California. . • 

(d) must submit an application identified for the appropriate 
branch together with the required filing fee. 

(e) except as provided under 2 (a) below,' must have 
professional experience other than teaching, since *a 
maximum of one years experience credit can be allowed for 
teaching 'experience. ' ^ 

2. EXPERIENCE EQUIVALENTS - Education or reg-istration credit may be 
substituted toward the .total nine year experience requirement 
only according to one of the ^pl lowing: 

* (a) nine years' credit for current registration obtained by 16- 
trour written examination in another state in the same 
specialty in which you are applying. . 

(b) seven years" credit for registration as a professional 
engineer in any state in any branch of engineering. ^ 

(c) four years' credit for successful completion of an 
Engineer-in-Training written examination in any state in 
the United States. ^ ^ " . ' 

(d) five years' credit for a masters or higher engineering 
^ degree from a school whose undergraduate -degree is 

accredited by Engineers' Council- for Professional 
' Development (ECPD). See note below. 

(e) four years' credit for a B.S. degree in an engineering 
curriculum accredited by ECPD. See note below. 

(f) * two years' credit for a B.S. degree, or equivalent,, in an 

• engineering curriculum not accredited by ECPD or for a B.S. 
degree in an engineering technology curriculum accredited 
by ECPD. See note below. • 
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(g)' one-half year credit for each year completed toward a B.S. 
"degree in an ECPD accredited curricula. See note below. 
NOTE - To obtain credit for education you must submit a^^opy 
of yo.ur degree, diploma, or transcript. 

3. HOW TO APPLY - Obtain the application forms for the appropriate 
branch(s) from the Board's office located in Sacramento. These 
are available on request which may be made by letter or in 
person. Complete the application, and the two-part experience 

• record, according to instructions. Attach your check, or money 
> -order, made payable 'to "Department of Consumer Affairs", and 

"mail your completed forms to the Sacramento address, 1006s 4th 
Street, 5th F^lt)or, Sacto. , CA 95814. 

NOTEt AIT portions of the application must be typewritten except 
• for your signature. 

4. REFERENCES - The application process for registration as a 
professional engineer in California ca;,ns for each applicant to 
provicje the Board with at least four references. These 
references should be engineers who have personal knowledge of 

^ " * your character and your eng^ineering experience. At least two 

should be registered professional engineers (any branch, any 
state) and the remainder should have expertise in the branch in 
which you are applying. You should provide at least one 
reference for each' significant engagement for which you seek 
credit. Additional reference forms are available from our 
' ' t Sacraihento office upon request. 

The best references, are those from your immediate supervisors • 
and other supervisors who are engineers, particularly if they 
are registered professional engineers. Engineering co-workers 
and pther associates in your organizations who are familiar with 
yo.ur woric are a^so quite acceptable. Less desirable and often 
not very meaningful afe friends, acquaintances, professors from 
your college days;* and others who have only a general knowledge 
of the, ki^nd of work you do. References from'your subof^inates 
should be , avoided unless ^ they are neceSsary to meet the 
requiremen-ts of the Board. ^ . - ^ 

Blank reference forms are provided. Give these forms to the 
. selected references and ask each-pf them to personally complete 
and'^sign the form and to Torward H directly to- the Board. The 
Board'^s ad^dress is 1006 Fourth St., Sth'floor, Sacramento, CA 
_ __95814. Ask each man 'to Q^ve the reference form his personal 
attention, and to return it to the Board promptly so the 
processing of the application may . nqt be deTayed. Your 
application may not be acted upon unless. all references are 
/ • submitted. This is an important part of^ the qualification 
process. , . . 
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The Board asks the reference' to provide i^iformation relevant to 
your experience based on his personal knowledge and to express 
his opinion on the questions asked. The information is 
confidential to the Board, and is not intended for any other use. 

The Boar^d will review your application after the required 
reference forms have been received. It is your responsibility to 
see that your references submit the completed reference forms.. 
It IS suggested that you furnish e^ch of them with a stamped 
envelope, addressed to the Board, so as to expedite his reply. 
If the references have not responded within a reasonable period 
of time after receipt of your application, the Board will advise 
you df such fact. You should then follow up with a second 
request. 

EXPERIENCE RECORD - The record is to be prepared in TWO^arts. 
The first part is an engagement summary. The Board will provide 
standard Experience Record forms with the application. Please 
identify each engagement following graduation; or .each 
engagement beginning with the first for which you" claim 
professional engineer experience credit. , If an intervening 
engagement is not qual ifying— 1 ist it, sjjow the enclosirtg dates, 
and Identify it as non-qualifying. The total Experience Record 
should be complete up to the final filing date with no gaps. 
Each separate engagement must be summarized in inverse 
chronological order on the forms provide^. (Your' present 
engagement is #1.) Supplementary information maybe appended in 
the form of letters, affidavits,- exhibits, etc. 

An engagement means one association with one employer in one 
capacity. If- you change employers that means a change in 
engagement.. If you are promoted or change job levels, you may 
show such ^change as a new engagement even though you continue 
with the same employer. This kind of change implies a 
sigpi/icant change in authority, responsibility, function, 
activity, etc. / 

The^^second part of the Experience RecorThmust be prepared on 8- 
1/2" X 11" paper supplied by yourself. The Board will identify 
certain functional areas in connection with your particular 
engineering branch. Select those functional - areas jjiost 
appropriate to your own' experience and develop each one 
separately. As an example: You may select from the master list 
such functional areas as:' appraisal, operations research, and 
statis,ti^aV analysis as areas in which you can show significant 
professional engineering accomplishment. You should write up in 
detail your experience in each of these particular areets. Your 
description should describe your activities, functions, 
accomplishments, levels of responsibility, job titles, projects, 



etc., that will demonstrate to ithe Board that you have had 
qualifying professional level engineering experience in e,ach 
functional area identified. 

> i 

Your total Experience Record will now be a linear calendar record 
listing in turn each engagement, plus a detailed description of 
those functional areas that demonstrate significant professional 
engineering achievement. If you cannot show significant 
experience in a function-^do not attempt to build a false images- 
leave it out. t . 

* * • * '< 

Qualifying experience for professional engineer registration 
means full-time employment or activity. It does not include 
part-time or short-time employment, overtime, trainee or 
orientation programs, technician or sub-professior\al levels of 
employment. 

If you have £xperience in more than one branch, please refer to 
Board Rule 424 in the Engineers Act. If you plan to apply in 
more than one branch or have already used some of your experience 
to obtain registration in California, indicate clearly what 
portion of each engagement is applicable to each branch. . 

ELIGIBILITY - The Board will appraise each applicant according 
to his own achievements with respect to education and 
engineering experience. Each applicant will be notified of the 
official finding of the Board. 

APPEALS " Applicants are referred to the current Board Rules for 
the avenues open to appeal actions by the Board that may be 
unfavorable. ^ ' 

REFUNDS - All application fees will be retained by the Board 
whether you are accepted or denied. j 

EXAMINATION - If you wish to apply for registration by 
examination, please contact the Board office in Sacramento for 
forms and information. ' 
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APPENDIX I 



PREPRINT SENATE BILL NO. 17 



.Introduction 

The Forum on engineering education and licensing was facilitated through 
the development bf draft legislation that would make significant changes 
to the California Engineering Licensing Act. The draft legislation is 
included in its entirety. 



PREPRINT SENATE BILL No. 17 



iposed by Senator Rodda 



' An act to re 
Section 6700) of 
Code> relating I 
appropriation thi 



July 14, 1976 



ahd add- Chapter 7 (commencirig with 
ivision 3 of the "Bus^iess and Professions 
professional engineers,/and making an 



COUNSEL'S DIGEST 

by Senator Rodda* 



Professional 



Preprint SB 17, pro; 
engineers^ ' - 

Existing law provides for the registration of professional 
engineerap in various specialty branches afid provides for the 
regulation of such engineers* 

This Bitt'would substantially revise such prbvi^ons. The bill 
wouidrevise the definition of the tertns "engineer,": ^profes- 
sionai engineer,." **engineering,*^ and "engineering practice-** 
The ]M would eliminate* registration in the various spe- 
rbragehes of "engineering. — ^ — r — ' — : — ^" 
e bill would add provisions regulating the conducV of 
professional engineers- 

The bill would revise, the membership of the Stajte Board of 
Registration for Professional Engineers by eliminating repre- 
sentation from theVariourbranches of engineering; The bill 
would require the board to maintain 4'$tanding committees', 
including an engineer^in-training committee, -a registration 
exaxninaticm committee^ and an ethics review committee. 
The bill would also authorize the ix)ard to establish profes-. 

sionai engineerir inv^^^on..co^^ . 

The bill would creatie an Engineering Advisory Committee 
which is advisory to, and .appointed by; the board. 

The bill would require any person. practicing engineering, 
as defined, to be registered including any person professing 
to be an engineer qr is in responsible charge ofengineex^fcig 
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work* * 

.Jhe bill would revise various existing exemptions from reg- 
istration« , 

The bill would revise the qualifications required for regis- 
tratioh of a professional engineer ' \ 

The bill would make other various changes in the law relat- 
ing to engineering;. " ' , 

The bill would appropriate an. imspedfied sum fromi the 
General Fimd ta the State Controller for allocation to (ocal 
agencies for reimbursemeht,of costs incurred by; them piirsu- 
ant to the act • ' • ' ^ r - > . < , 

^ Vote: Appropriatiom yes. Fiscal committee: yes. State- 
mandated locaJ program: yes- * 

Tie people of the State of California do enact as fo^ , 

t SECnON-lv Chapter 7 (commencing with Section 

2 6700) of Division 3 of the Business and Professions Cpde 

3 is repealed. j : 

4 • SEC 2: Chapter7 '(commencing. with Section 6700) 

5 is added to Division 3. of the Business and Professions 

7 ' • - 7 . 

8 ^ CkXPTEir 7r Professional- Engineers ; 

10 : > ^ . ' Article L General Provisions 
; 11 ' \ ' - 

12 ,6700i This chapter of the Business and Professions 

13 Code constitutes the chapter on professional engineers. It 
14^ may be cited ai &e. Professional Eiigineers Act 

15 67QL ' "Enginett^*^ within the intent of this chapter, 

16 means'a person vmo^ by reason of liis special knowledge 

17 and^ use of the- .mathematical, natural^ physical and 
18^ engineering science and the principles and me^ods of 

19 enginieering analysis and design^ acquired by engiceerin 

20 education and engineering experience, is qualified to 

21 practice engineerinig; . ^ - ' _ 

22 ^02. "Professional engineer", as used in this chapter, 
^ means a person who has been duly registered and 
24 licensed,- as a prtofessionial engineer by the board- 
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.1 6703. "Engineering" is the profession in which a 
. 2. knowledge of the matheinktfcal, physical and 
3 engineering natural,, sciences gained- by study, 
4' experience and. practice is applied with judgment' to 

5 develop way< to utilize, economically, the materials and 

6 forces of nature for the benefit of mankind. 

7 6704. "Engineering practice" and "engineering: 

8 work" within, the. intent of this chapter chapter shall 

9 mean "any service or creative work,, the adequate / 
10>- jperiqrmance of which r^idres engineering education,. 
11 draining and experience in the application^of special 
12. knowl«ige of. the mathematical, pKyacal and 

13 en^ai^gring sciences to such^ervices or creative work as 

14 (Consultation, investigation, evaluation, planning, and 
.5 . design of engmeering works and systems, planning the 
.6 use of land^and water, and the inspection of construction 
1 for the piffpose of assuring compliance with drawings and 

specifications? juay of wWch, embraces, such services or 
work, either public: or- private, in connection with any 
utilities, structures, buildings^ • machines, circuits, 
equipment, process^^ work systems, projects, ^and 
indiistrial-or-consumer products or equipij^nt of 
mechanical, electrical,, hydr aulic , pneumatic,* nuclea 
aCToniynamic, or theriaMTiatiffe7insdfar as they inyoh 
safeguarding life, health, property, public • we)f&:e or 
pubtic .good and including such other OTdfessional 
services as may be necessary to the planmug,. progress 
and completion of any engineering servipes. 

A person shall be- construed, to pr a9Dce or offer to 
practice engineering within, the meaning' and intent of 
this diapter who practices any branph of the profession 
32 of engineeriiig; or. who" by /verbal cl^m, sign 
/33 advertisement, letterhead, card^^^or in any othfer way 
/ 34 r^jresents himself to- be a professional engineer, or 
'35 throu^ the use of some othw title implies that he is a 

36 professional , engineer or t^ he is registered under this 

37 chapter; dr who holds hiihself out as able to perform, or 

38 who does perform an/'engineering service or work or 
' 39 any other service designated by the practitioner which is 
40 recognized as engineering. ^ 
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1 6705* "Area, of competence" is that area of 

2 engineering in which a person is, by training and 

3 experience, fully competent and proficient 

4 6706; "Engineer in responsible charge^'' within the 

5 intent of, ^ this , chapter, means the' individual who 

^ 6 determines technical questions of design, development ^ 

7 appli^tion, certdication or co^truction, or personally ' 

. 8 supervises engineering work. 

9 67071 A subordinate is any person who assists a 

10 registered profSessionaT, engineer in the practice of 

11 professional engineering without assuming responsible 

12 charge of work* . . . _ 

13 " 6708* . In order to ; safeguard- life, health, property, 
14 . public welfare, and public good, all engineers , in " 
15^ responsible . charge ^all be licensed as professional 

16 ' engineers. Only persons registered under the provisions 

17 of this chapter shall be entitled to take and use the titles 

18 **pro£essional engineer," <5r**registered engineer," or any 

19 combination of such titles. " * 

.20 . 6708-1; "Public welfare" involyes the general 

121 wefl-beingxof' the public. . _^ 

22 ffroaa^r ypublic good" wolves the . utilization of, 

23 public resources. , / 

24 : 6709* -The safeguarding " of Kfe, health, property, 

25 public welfare, and public good is dependent upon the 

26 engineer's knowledge of th^ technical and nontechnical 

27 parameters that must be con^dered in his area of 
^ competence in engineering practice.. 

. 29 are: j ' ^' : ^ 

30 , . 5* 

31 Physical science . % • Business administration 

32 , Engineering science Econoniics 

33 Design/application • Law 

34 Eiigineering technology : Political science ^ 

35 MultidiscipUnary /. . Social and behavioral 

36 engineering science — 

37 Professional ethics Biological systems 
2&, Communication arts Humanities/ history 
.39 Systems management * 
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1 Article 2. Rules of Conduct . 

3 6710. In- order to safeguar^i life, health, property, 

4 public welfare; and public good, and to establish and 
.5 maintain high, standards of .moral condufct in the 

6 profession of engineering, rules, of conduct are set forth 

7 in this article. Each engineer shall 'be completely- 

8 knowledgeable of these rules and the board shall sfrictly; 
9' enforce 3iem. . ' " - ' . - , « , 

iO 6710.1. The engugeer shall at >11 tinaes have the 
- 11 highest regard for life, health, property, public welfare, 

12 and public good and shall always regard his duty to the 

13 public as paramount If his engineering judgment is 

14 overruled in circumstances where life, health, property, 

15 public welfare, or public good are endangered, he shall 

16 inform his. employer or cHent of the possible- 
IT consequences and shall notify the board and other proper 

18 authorities this action.- • 

19 6710.2, The-engineersfedl not complete, sign, seal or 
• 20. stamp pians, reports, specifications or other engineering 

21 documents that .are not in accordance with his duty to 

22 safeguard liiFe, health, , property, public welfare, and 

23 public good: Should the employer or client insist oa such 

24 unethical- conduct, the engineet shall notify the board 

25 and other proper public authorities and withdraw from 

26 fiffther service on the project;^ '\ ' ' , I ' 

27 If the employer or.client chooses to proceed with the 

28 project,' the engtaeer shall riqtify the boarded othpr' 

29 proper public aj^jS&iities of this action. *. 

30 The engine^shadfbegralnted the same immunity as is^ 
' 31 granted lo^ ^bfic-> employee pursuant to Article 3 
V 32 ^(cpmmet^g with S^^;^) of Chapter 1 of Part 2 of 

33? Diiision 3.6 df Title^^Me Government Code. 
34 -6?™}. »(a) f^r^^^ej- shall- discharge'^or in any 
^ 35 raaSer discrimihat^^^st any employee because such 

36 empliyee has filed a^ly complaint or instituted or caused 

37 to be instituted any proceeding under or related to this 

38 chapter or has testified or is about to testify in any such 

39 proceeding or because of the exercise by such employee 

40 on beha^ of himself or others pf any right afforded by this 
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1 chapter. . ^• 

2 (b) Any employee who believes that he has been 

3 discharged or otherwise discriminated against by any 

4 employer in violation of this section may, within 30 days 

5 after such, violation ocfcurs, file a complaint with the 
. 5, boigjd>lleging such discrimination- Upon receipt of such 

> domplaint, the board shall cause such investigation to be 

; made as it deerns^appropriate. If upon such investigation, 

9 the board- determines that* the provisions of this 

10 subdivision havi^ been violatjed, tihe board shall bring an 

11 action in any appropriate court against such person- In : 

12 any^such action the court shall have jurisdiction for cause 

13 shown to restrain violations of subdivision (a) of this 

14 section and order all appropriate relief including rehiring"" 

15 or reinstatement of the employee to his former position 

16 with back pay. . " , ... 

17 (c) Within 90 days of the receipt of a complaint filed 

18 under this section the board shall notify the complainant 

19 of his determination under subdivision (b) 

20 6710.4. The engineer, shall undertake to perform 
' 21 engineering assignments only when • qualified by 

22 education .or experience- in . the specific area of 

23 competence of professional engineering involved. 

24 6710.51 The engineer may accept an assignment 
25 - requiring education or experience outside of his ovm 
26^ fiela^ of competence,, but only to the extent that his 
27^ services are restricted to those phases of the project for 
28 which he is qualified. All other phases of such project shall 
2? be performed by quafified associates, consultants or 

30 employees. . . ' • 

31 ' 671().6-, The engineer shalTiiot affix his signature or' 

32 seai.to any en^eering^|)lan or documentndealing with 

33 subject matter to which he lack? competence by virtue of 

34 education or experience, nor to any such plan or 

35 document not prepared imder his direct supervisory 

36 control , , • / • 

37 6710.7. The engineer shall express an opinion on aui 

38 engineering subject only when his opinion is based upon 

39 adequate knowledge, of the facts in issue, upon a 

40 b^ground of technical competence in the subject 
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i matter; and upon hpnest ponvictiori of the accuracy and 
' . 2 propriety of,his bpinidni*; 7 - 
. '•3 ■ 6710,^.-0^- * grcmp' di^ciiision, public forum, or 

"4 pubficatioti of articles^ the engineer shall insist lypon the 

5 use effects in reference-to engineering projecte. , - 
'' 6" .6710^: The' engineer shall not issue staft^ments, 
" J critfciSms or 'arguments" on "matters 'connected with 

'^^-poblfc polfey'^Wch aawias^ for by private 

'•"•'g' Httereats, unlesis' fie ihdi<^esJ4)tt„whose behalf he is . 
^ makirig..the'StatiOTeni:ir -->^t^^^^^ ' . • 

-'ib^^i 6710d(^'^ TOft!«tog|neef- 3h^icbEB^ » 

12- "cbiifnct of iriterest^th hiy'empioyer'orclient, but^ when 

13: tmavoidable, the ' engineer 'stitt fully disclose the 
'i I4'fittircumstancey to-.hiy-^iptoyet W cfient . . 'j „ ^ 

15 •• 'ffMailc The engineer shall; , inform- his client or 

16x employer ..of any business connections, interests or 
" • IT' circumstances" which would influence his judgment or 
:T18 thfii-quaUty of his services, '^^ ^v; -VV^ 

: 6710.12. Whe? iii piiblic service as a^member, advisor, 
- 20- nar :eiiiployee;of '^'gdVerximenr^hody or department," the . 
' 21 en^eer shaH not participatit ^ cbhsidersttions or afitions 
' 22 rwitk respect, f^: -sciVi^ by him. or his 

:.23* organization in private engineering; practices* 
-'.24^/-. '6710.13;,, Thfeengnieer shall not solicitor accept an 
: 25 "^^eerittgcibntf^crt from, a ^y^mmental body dF which 
'-26>^a tffihdtjal bf/dfficisr o£ l^.drgan^zation serves as a 
•"Zr "TnOTiber. ■'■'^'^"\i;^'r'^:^r'^-^ i-^'^ i"'- : -r- ' - 

«> 28> •' - 6710.1C:=','nife.engineer shalf.?tot accept 'compensatibn, 
• .29 financfat ot otherwise, -from more than one party for 

30 ^rvicesOTthesime project,. qfforservicespertaihing^to 
'•31 'the same.pfojcct, unl^ the. draimstance? are fully' 
J32 disclosed tb^ and agreed to, by all interested parties. „ 
' 33 <; ;'67miK The - engineer, shall , not solicit or accept . 

34 fflMndaLoi^.bther valuable cpiisiderati6n& from material 
;= 35 -^br ©qmpiiient products'. 
-i'^'^'. '6710.16. 'The engineer' shall- not solicit or accept • 
^ 'ST' grjatiritiei^.^ectly or! indirectly,: from' (^htrabtors, thjeir 

SS^agents; Tear- bther pkrties- ded^ with his. client or 
;^,39..;pmifloyer.:M connectiqh jyith' work for which ;^he is 
VMponsibie.' v; y'.'' . • "S- .« .v. ■ ' - . 
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• 1 6710.17. The engineer shall not offer to pay, either 

2 directly or indirectly, any commission, political 

3 contribution, or a- 9ft, or other consideration in order to 
4. secure work,, exclUsiv'e of securing positions through 
•5 employment agencies. • "^"^ , 

6 6710.18. . The engineer shall not knowingly associate 

7 with or permit ^e use of his name or firm name in a 
.8- business venture by any person or firm whiich he knows,. 
•9 or* has reason /to believe, is engaging in busing or 

10 professional practices of a f^udulent or dishonest nature. 

11 ffriO:19. I^;the engineer has laiowledge or reason to 

12 believe that ^ther person or firm may be 'in° violation 

13 of. any of th/a provisions of this article, he shall present 

14 such information to .the board in writing' and shall 

15 cooperate With the board in furnishing such -further 

16 information or assistance, as may be, required by tKe 
; 17 board. , . - ' • . . . 

18 /'. • . . • ' 

19 .Article %. Administration 

20 / ■ ■ • ' ^ •■ .... V- ' . ■ 

21 / 671 jt. . There is i^the Department of Consumer Al?airs 
.22 a State Board of Registration for Professional Engineers 

23 whi^h consists of 11 members appouited by the 

24 Governor. - * .'. ' , . 

25 The Governor riiay remove his appbintments -for 

26 inisconduct, incompetent or neglect of duty. 

27 /6712, -Each member oirme board shall be a citizen of 
. 28 &e United States. Ea'fih member, except the^public 
29 ^members, shall have been licensed for .at l.east,^ur years 

" 30. and shalljje of gpod" standing in his or he/ profession. 
3^' %ch mfemjaer* shall be a least 30 y^ of age, and shall 
3| have been a resident of this state for at least five years 
";?3' inmrediately preceding his appointment ' 
/J4 Three of the members of the board shall be' public 

35 n^embers, who- ar.e hdt registered under this act or 

36 h'censedmider the Land Surveyors Act. 

37 'Each 'member shall hold office until the^ appointmwit 
.38 and qualification of his successor or'until one year shall 
39 have elapsed since the expiration of the term for which 
•40 hp was appointed, \yhicheveT occurs first. No person shall 
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\ serve as a raiS'mber of the board more than two 

2 consecutive terms, but this provision shall not apply to 

3 afiy member in office on November 23, 1970. ' * 

4 6713. Each member of the board shall receive^ a per 

5 diem and expenses as provided in Section 103. 

6 6714. The board shall have four standing committees 
u comprised of board members* The committees aria the 
(8, Engineer-In-Training Committee, the RegistratioA 

» Examination Committee, the Education Qualification 

10 Committee and the Ethics Review Committee. 

11 . 6715* E*ch standing commjittee shall consist of five 

12 bcfard members of v/hich on&^ember must a public 

13 member. ^ . ' - ^ 

14 6716. (a) The Engiiieer-In-Training Committee shall 

15 supervise the. engineer-in-training examination. 

16 (b) The Registration Examination Committee shall be 

17 responsible for the formulation^ of the registration 

18 examination. 

19 (c) The Education Qualification ' Committee shall 

20 evaluate curricula and-major factprs affecting curricula in 

21 order to- determine qualifying education programs. 

22 (d) The Ethics Review Committee shall review 

23 violations of Article 2 (commencing with Section 6710) 

24 and recommend to the board what action should be 

25 taken. , ^ - - , 

26 6717. The board shall appoint an executive secretary 

27 at a salary to be fixed and determined by the board with 

28 the approval of the Director of Financed 

29 6718. The secretary shall keep a complete record of 

30 all applications for registr^tiSn and the board's action 

31 thereon and, between JtHy I 'and December 1 in each 

32 gven-mraibered year, shall prepare a roister showing the 

33 names and addresses .of all registered professional 

34 engineers. Between Jijl^l and December l^in each 

35 . odd-numbered year he shall prepare a supplemental 

36 roster showing changes in and additions to the roster. 

37 A copy of the roster and the supplemental roster shall 
38 "be filed with the Secretary of State and^a copy of each 
39 shall be furnished^ to each professional, engineer 
,40 registered under the'provisions 6f this chapter. Copies of 
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1 each shaH.be available on-application to the secretary^at ' 

2 stich price per copy as. may be fixed by the^ard. \ . 

3 6719;: Thfr.board may adopt such nilesfimdreg!^^ 
■ J as are not inconsistent v/^ hyL and 's^^ 

■\ neccwary to>govem its acfidn. Suclf ruIesWidTegulations 
' ? ^J^^«aopte*in= iwcordance w^ provisions/of the 
- 7/. Administrative Procedure. Act * ^ % ■; r-.. . ■ - / 
a. -Jfl^.- The?- bdard. shall .hd<fcVat Sast! two -regular 

ineetings. shall beheld at 
, .*«n««ito^Wopard. rules- prb^ ^ . 

. - IE:. meefingr^haU be-govenied by board ruTe;, A majority of 1 
. 12.' the board <»nstitutes.A:<iuiEmmi, : ^ A^rJ 
. 13\u- :\AnymembeEof theboardmay'adbnn^^ 

• "^o*.may' takev testimony \,andvproofs.. concerning alt f 
I5i, matter^.withih feboardVjurisdlction: . ' ' vr v^^^.; ' 
IJ*.^ OT^ -.Tlie boani shalladopt and hive-an? official se^. ) 

^^^shatt'beafBxeji to aU certificates. of registration, '.j 
: } J ' -y^'. , . f*)^' In-^irfying- into efiect the provisions-of this \ 

19 act; the board may subpoena . witneM^^ -j 

20 attendance^ and; also^ rta^ 

cn^luwrytnatter,:orin an3k<»sew : 
23ytfaM chapte?:i&-aUeged Upcp i 

24 ysi?&anysuehorderoftheboard;orup6nfaiiu^e'tohon6r 

25 ite. jbbpoena. as herein provided^ Ae.bpard may apply to- 

• *^ «>"rt.,<^'anrjurisdiction,to.-efaftrce compliance with ; 
27 such order. ' - ^ " - - 



S r V ^ .5 jjoard.ipay in- the name of the state, f o apply I 

for. relief, l^ihjimction .fifc^e e^^^^ manner i 

3a_ provided 'm. cases of civ3; prdcedure, without bond, to i 

31-; enforce the provisionJ^oCthis cliapter/or to restrain any ' 

32 violation- tihereoi.;!?]^ sfich. proceedings, it'shall not be ' 
3a necessajy-ta allege or' ptQv<j, either that an adequate 

. 34 remedy at law does' not exist, or that substantial or " 

35 ureparable: damage^ would, result from the pontinued -■ 

36 vioUtipn^thereof,Th&m,fmbefsoftheboard shall not be 
^T pjsrsonalfy liable upd^r this proceeding . . ~ M 
38 (cX'.Tbe- booKjk niay;>v$ujbject ath; -Applicant, for ^ 
2» rcgistratipn tpsn^hexamiiisttions as itdeems necessary to- 
40 determihe hii5 qualification?Kt ' ^ • -' 
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1 each shall.be available on-application to the secretary_at ^. 

2 such price per copyr as. may l?e fixed by aie-iK)ard. \ 

3 6719;: The.board.mayadopt:sudi.nilesrimdreg]ufa^ 

4. as are not inconsistent v^ U^k'md 's^^ . 
=5^ neoe«aryto>govemitsacti6D^ 

' ? aaoptedin^acctardance- withrthe provisions-of the 

■ 7/, Admmistrativc Procedure Act" «^^tt^-^^^ 7 
' a. : .6720. -Thc^- bijaKL shall .hol^Vat ^ least, two- regular ' 
. J.m^tmgsreach'^e^^Sp^ at ^ 

fj;^^^ .^e^^^^me^opan^ ^ < 

^oeefingrshaU fteigovemedby bo^'siTei A-W^ 
^ i*^ ^ the hoard <»nstitutes,A;<iuionm^^ .^A 

• member of the board^^^ 

. 1.4. ..and-. mar «akev testimony. .,and.proi)fs. a)ncer^ alt! 
l^i matter^withm.thfcboard's.jurisdk^^ , v^^;-' -., J1 

IS-r. ffT^^The boanJ shalladopt and hive-an-offidalse^.' 1 
^feit shattr^be afW to all certificates, of registratiofi. ' .| 

. iS • .,5723. ^ (aH^ In.c»fyiflginto effect the provisions-of this \ 
19 act; the board may subppex?» .vrttaies^ -j 
2» attendance^ and. also^ nlay iii^^^^^^ of 
S 5^*^^P*^*"»^°*^'^®*^o?^oth^p«?tintent<^ 

. c5^1hiaryTnatter,;orinai^.<^ ; 

. 23 .vthis chapte?.i&-alleged Upqp: Mur^ or re^' to comply . J 

24 .w?topy.suchorderoftheboard;orup6hfaiiiffetohondr .. 

25 ite.Jhbpocna, as hetem provided^ thebpard may apply to- 

• o^' any jikisdiction. to- diferce compliance with 

S V ^ board .ipay. in. the name of the state, fo. apply \ 
..^ for . Relief , bj^-ihjxmction u^^ manner \ 

30j provided 'in. leases of civ^; pr<ksedure> without bond, to i 

31- enforce the prbvisioni^oC tijis-chapter/or to restrain any ' 
s violation; thereoi.;!*]^ sfidr. proceedings, it'shaa not be \ 

33 necfessafjf toaUege pr ptov*?. either that an adequate 
. 34 remedy at law does' not exist, or that substantial or " 

35 irreparable: damage would: result from the continued -■ 

36 violatipa thereof.Themfrabers: of the.board shall not be 

37 pjsrsonalfy liable'upd6rthis pK . . v.,. -:^^ • ~ ,i; 

38 ((?>., The/ boarck nia3?;..visu]bject ah-' •sfppUcant. for ^ 

39 registration to SM^h examihjttjom as it deems necessary to- ' • 

40 determihe hiis qualification^^ . • .,: . , . 
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• 1 ' Article 3.5:* Investigating Committees 

2 . 

3^ 6725. The board, when it deems necessary, may ' 

4 establish professional engin.eers investigation committees 

5 ^to assist the board in the investigation of claims of 

6 violation of any provision under this chapter* Each 
7. .committee shall report its findings and recommendations . 

8 to the lioard* Any. member of such a committee may act 

9 as an expert witness a hearing conducted by the board 
10 when the hearing is conducted as, a tesuit. of the 
U conraiittee*s investigatioit ; « 

12 Each committee shall exist so long as the board deems 

13 that it is necessary. • ■ ^' ■ 

14 6726. Each ^xirember of each committee shall be 

15 appointed by the board and shall serve at the pleasure of 

16 the board. Each committee shall be composed of np more 
, 17 than five members, * . - 

18' 6727. At least one member^ of ea^h investigating - 

19 committee sljall be a pubUc member. 

20 6728* At least,. two members, of each investigating 

21 committee shall be an expert in the -area of engineering 

22 that the committee is investigating. 

23 • 6729. All the members of each committee shall serve 

24 without Qbmpensatioa but shall receiye per diem and 

25 expenses provided in Section 103. 

26 6730. ^Each member.of each, investigation committee 

27 shall be granted the same/immunity as is granted to a ' 

28 public employee pursuant to Article 3 (commencing with 

29 Section 820) of Chapter 1 of Part 2 of Division 3-6 of Tide • 

30 1 of the Govermrffent Code, 

3r . ^ . . 

32 Article 3-7. Professional Engineers Review 

33 , ".Committees . 

34 ' 

35 . 6731. The board, when it deems necessary^ may 

36 establish professf^ilal engineers review committees to 
. 37 hear all matters assigned by the board, including, but not 

38 limited to, any contestefd case which is 'assigned 'by< the 

39 board Each committee shall exist so iong as the boar^ 

40 deems that it is necessary.. 
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1 • 6732; Eiach review committet^ shall consist of no fewer 

2 than two registered prbfessional engineers and no fewer 

3 thaa one public memben Appomtmen^ shall be made by 
4^ the board. Each member of a committee shall haVe. the 

5 same qualifications and shall be subject to the same rules ' 

6 and regulations as if he were- a member of the boajrd/ ; 
7_ 6733, Each member: of each committee shall be ; 

. 8 appointed By the board and shall serve at the pleasure of 
' 9 . the board E^ch conunittee shall be composed of no more 

10 than five mem^rs. ' : ^ * 

11 '6734. All members of each conmiittee shall' serve * 
12^' without o^pensation but shall receive per diem and 
13- .expexises as, provided in Section 103. 

14 ^ ' '6735,: Eadi member of each investigation committee' 

15 shall be.granted[ the same immunity as is- granted to a 

16 pubEc employeepursuant to Article 3 (conunehcing with 

17 . Section 820) of Chapter 1 of Part 2 of Division 3.6 of Title • 

18 L of the « Govenunent Code. 

19 ' -6735.5. Except as otherwise provided in- this article, all . 

20 ^hearings which are conducted by a conmiittee shall be 

21 conductedin 'accordance with the provisions of Chapter 

• 22 5 (commendng with Section 11500)^ Part 1, Division 3, . 

23 Title 2 of the-Goveniment Code. — . 

24 If a contested case is Tieard by a conamittee, the hearing , 

25 officer. who presided at the hearing shall be, present 

26 during the committee*s consijderatiort of the case and, if 

27 requested, shall assist artd advise the conunittee. 

28 , 6736* At j^the conclusion of any hearing which is 

29 conducted by a committee, the committee shall prepare 

30 a pjo^sed decision^ in such form that it may be adopted 

31 by theboard as the decision in the case, and shall transmit 
32* it to the board. The proposed decision shall be subject to 
33 the same procedure as the proposed decision of a hearing. 
.34- office^ under subdivisions (b) and (c) of S€fction,11517 of 

35 the Govenmient Code. 

36 6736.5. The board may adopt, amend, or repeal, in 

37 accordance^ with the. proyisions of Chapter 4.5- 

38 (conmiencnng with Section 11371) of Part tof Division 3' 

39 of Title 2 of the' Government Code, such: rules and 

40 regulations as are necessary to implement this article. 
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' 1 Article 3.9. ^Engineermg Advisory Comniittee 

. 3' 6737, The intent of this article is (1) to provide for the* 
4^ exchange of views among those concerned with theV 
5' practice and education^of the engmeering profession (2) 

6 taidentify the major needs and concerns of the people of . . 

7 California as they relate to the engineering profession (3) 
. 8 to exapiine- educational 'r programs and licensing ) 

requirements^in light of'such concerns and (4) to make ^ 
10 recommehdatioils to die board based upon the advisory 
II. c6mmittee*s examination ,crf^ educational programs and. 

12 Ucensing requirements: ' ' o^^ v^ ^ * ' - V 

13 '»6737.i; There is . hereby created an Engirieering \ 

14 Advisory- Committee which, shatt be advisory to, and 

15 , appointed by, the board. J :. ' /. - 

16) 6737.^ The Engineering Advisory Committee shall . 

17 be appointed by the board and shall consist of the 

18 following representatives: , 

19 , (a) One engineering feducator r each from the 

20 University of cSifoniiai the California istate universities 

21 an4tColleges> the California community colleges, and the 

22 independent California^ inriversities and colleges; 

23 (b) Two engineering students with upper division^ 

24 standing! • ; '> . - / 
25^, (c) Two recentengineering graduates that have been 
2^: djttt of school no longer than three years and have been 
27 actively employed as eijginesers, two senior experienced 

25 engineers having, practiced' engineering for at least 10 
29^ years, and two employers- of engineers. These persons 
^ shall be appointed by the board and shall be selected 

31 from Ae following areas of engineering practice: high 

32 technology, consumer products, consulting, construction, 

33 and government or public wppks. The board shall appoint 

34 at least one perscm from each of these areas of 

35 engineering practice; ^ ' \ . ' 

36 <d) The . chairperson of the Engiheerihg. Liaison. 

37 Committee of the Articulation Conference; 

38 (e) A member ofa California professional engineering ' 

39 society; *. • ^ ' / ' , 

.40' (ff The President o£ the Board of Registration for < 
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1 ; Professional Engineers shall be an ex officio member of 
2^ the Engineering Advisory Committeei 
. 3^ 6737,3. Except for the members first appointed, the 
4 terms of the committee shall be for two years> 
-5 6737.4.. The terms of the conunittee shall be 
/ 6 staggered. The'terlns of the first appointed members of 
.7 the committee shall ^ a& follows: j 
8 (a) The. California state universities and colleges and 
.9 "California community^ College educators shall be 

10 ^ appointed for two years and the University of California 

11 ^ and the independent colleges and university educator for 

12 one year. ■ • i- . ' . .- ... 

13 (b) One student shall 'be a junior and the other a 

14 senior. Each stiid^t appointed thereafter shall be a 

15 junior. / » ... • , ; . 

16 (c) One recent engineering graduate, one senior 
. 17 experienced engineer .and one employer of engineers 

18 shaU be appointed for one year. The remaining three 

19 appointments shall' be appointed for two years. 

30 6737 The advisory committee shall be assigned 

21 personnel and' services* as needed^ 

22 6737 .6; .. The , advisory committee shall meet at least 

23 twice ai year. Additional meetings shall be held as 

24 requested by the board. 

25 6737.T. The engineering advisory committee shall: ' 
( 1 ) Idfentiiy major needs and concerns of the people of 

California as they relate to the engineering profession. 

28 ^xamine existing and proposed professional education 

29 > programs in light of these concerns and submit their 

30 observations to the. Education Qualification Committee; 

31 • (2) Develop ; recommendations ' for program 

32 evaluation criteria and submit these to the Educational 
33, Qualification Committee; 

34 (3) Define job market parameters which affect future 
35. engineering manpower requirements and submit^ these. 

36 observations to the appropriate standing committees. 

37 (4) Develop criteria for staff analysis of engineering 

38 education programs to be submitted to the Education 

39 Qualification Committee; • « • ' 

40 ' (5) Formulate- couiiseling criteria ior the . four 
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1 segments td increase student awareness of the education 

2 and practice tequkements of a career in engineering, 

3 : Submit the criteria , to the Education Qualification 

4 .Committee; ^ ' . • * v , --/^ 

•^^,5 . (6) Provide jwiommendations fbV basic minimum 
6 requirements for engineering practice 'and submit these, ' 
/7 recommendations" to the bbard; - ^ ^ 

^ :a\ . (7> Assist the ETT and Registration. Exam Committee ^ 

1ft. -V*^(8^) Establishraclose liaiison-witb professional societies; 
It .191- Take ai/leadership^'.^ in the prombtioa of 
12:" professional ' developmeiife^ of registered . engmeersv 
13<: eValuate program^ methoi^i^'of fotiding' and service 

delivery systems and techniques; ' . ^ ^' '^i.i'f -' ^ 
15 ; (10) improve' . registered 
Ifiren^eersrandc- v.. :rX^J'^>'^'^v-;^r''"'^^ \ ' ■ v 
ITV (H>' Undertake periodic- isii^ to maintain current 
18 .demo^phic information pertaining to the . registered / 
19^ engineers.' • C •» ^-^ ' 

20 'i.-- : ■ '^'ii^--; • ■■ - ■' • —•■ ■ 

^ .. . . .r - ArticFe C . /^plication qf (ghapter • . j . 

2a. 67i3aL In..order,fo &guardlife^.h^alti^^ 

24 public welfare,' and! public gocA^^ person; either in a 

25 ;public or- private, capacity, except as in- ths^ chapter 

26 specifically exceptedi who practices, or ofFers,ta pfacticei 

27 . engineering, in this state,. shaHi submit evidence that he 
2& is qualified to : practices sand-' s^ be reigstered 
J2B accordingly as an engineer by^ the board. 

,30 .'67384 II is unlawM- for anyone other than a 
31 . professional engineer, registered under ^his chafJter, to 

32 stamp^ or^al .any plansi specifications, plats, reports, <?r 

33 other documents with the «eat orstamp of .a professional 

34 . engineer, or to. in jmy manner use the title.."professionail 
. 35 engineer,"or "registered engineer^ or any combination 

36 of such words and-phrases* unless registered hereunder; 

37 ~ 6739. It is unlawful for anyqne: ta stamp or seal, any 

38 plans; specificationsv. plats-, reports, or other documents 

39 vWth the seal after the certificate of theregistrant, named 

40 . thereon, has expire^d .or has-beeri suspended or revoked, 

.' ' ' --•>.■■".-"•■ • rv'.'^V ■ ' .- - . • 
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1 unles$ the certificate ha§ be^ renewed or reissued. 
2^ 6740. Any person practices engineering when he. 
3.; professes to. be an engineer or is in responsible charge of 
4 ■ engneenng work. . * . 

5 , / w:40^. All engineering plans, specifications; reporty^ 
6 or documents, shall be prepared by a registered" engmeer 
T , dr hy a subordinate en^ployee under his-direction, and 
8 ;shall'be signed by.hini to indicate his responsibility for 
•9- them. In addition, to. his signaturei he shall show<=-hi* 
10 registration number or the- stamp of his seaL'» The 
;ll revered engineer; shall use together with his signature 
12 or seal;.the title "professional engineer." 
13. 6741. Nothing in this act shall be construed ta prevent 
14 the practice.of any other profession, the practice of which 

15- is defined by law. - '' . . • . . ,x 

16 , 6T45. (a) This chapter does not prohibit one or more. 

17 engineers firom ' practicing or offering to practice 
18: engineering through the medivrai of a partnersl^p, firm 

16- or corporation; provided:. (j, . . . .' 
2Q • (1) An- engineer is the partner, member, or directing 
21 officer in charge of the engineering practice xif the 
22* ■ partnership, firm er corporation. 

23 {2} All engineering plans,^. specifications, and reports 

24 are prepared by. or under the. direct supervision of a 

25 registered" en^eer- in. the appropriate area of 

26 competence, who shall agn or stamp with his seal sucij 
27- plans, specifications, and'repwts. ■" 

28 ((3) The partnership, firm ot corporate name shall not 
2&. contain the- name of any person wha is .either not 

30 registered by the4x)ard as an architect, or of any person 

31 who is not registered as a geologist under, the provisions 

32 of the Geologist. Act (Chapter 12.5 (commencing with 

33 Section 7800),' provided,, that any holtting out by such 

34 partnership, firm, or corporatfon of any individual or 

35 individuals to the public as a member, or members, of 

36 such partnership, firm, or corporation, other than by the 
'37 use of the name or names of such individual or individuals 

38 in the partnership, firm, or corporate name, shall clearly 

39 and specifically designate the license status of such 

40 individual or individuals. 
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L (b) Nothing herein shall authorize the offering to 
2. practice or the- practice. o£ engineering by any persons, 
a eitiaer as a member, officer or employee of any. 
4 partnership, firm, of corporation, who isnot registered as 
5. a profdssional engineer^ .' .' . 

6 . (c) This, chapter does^not prevent or prohibit an 

7 individual, firm, company; association or corporation 

8 engaged in any line ofbusiness other than die practice of •' 

9 "engineering from jsmploying a:, registered engineer to 
10 . perform die corresponding engineering services 

11 incidental to the conduct of their business. 

12 6748. Officers and employees of the- United States of 

13 -America practicing solely as such, officers or employees 

14 are. exempt from rSgistratiott.under the provisions of this 

15 chapter only insofar as their activities in no way affect the 

16 1^, health, property.'.welfaire and good of the citizens of 

17 California: 

18 6749. ".A subordinate to a professional engineer 

19 registered under this chapter, or a subordixiate to ah 

20 en^eer exempted fi^wn registration under this chapter, 

21 insofar as he acts s<jiely in such ci^acity, is exempt from 

22 riegistration undep'the provisions of this chapter. This 
2a exemption, however, does not permit . any such 

24 subordinate to practice^engineering in his own right or to 

25 use the title, ''professional en^eer" or "registered 

26 engineei:.". ..f • , ^ ■ 

27 6752. This chapter does not affect Chapter 15 

28 (commencing with Sefction 8700), rdating to surveyors, 

29 except insofar as th^ chapter- is expressly made 

30 applicable., > " , 

31 €753. This chapter does not require registration for / 

32 the purpose of practicing engineering, by an individual^. 
/ 33 a member , of a firm or partnership, or by an pffic6r of a 

34 corporationonor in connection withiwoperty owned or 

35 leaded . by the individual,, firm, partnership, or 

36 corporation, unless the • engineering work to be • 

37 performed involves the public health, welfare, safety or 

38 good,, or the health and safety of employees of the 

39 individual, firm, partnership or corporation. 

. ' ■ .' • - - - • ' L 
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1 Article Si Registratioh 

2 ,. > z..'^- • -. • • ,.• . . 

3 6755. . An application for regisitratiGn as a professional ' 

4 engineer or certification as^ ehgiriee^-^n-trair^ng shall 

5 be made to the board dn t)fe form prescribed by it with 

; 6 all sbtements Aerein^raad^ under oath, and -shall be ' 
^7 accompanied by the application fee fixed by this chapter. 
8^. 6755.5. . An applicani;"niay become registered through' 
9 any one of ^. following tharee alternatives: v 
-10 . (a) .Bcpierience and.ejiaxnjnation. . .. . / V^,;"^ - ! 
11 , . (1) Tiie applicant shall have four years of engiheer^g', 
-12 -work experience, ■■^^^:/■'■•■'v^'^^ r''^-.;'- 
13- - (a) Th& applicant -.shall successfully complete the^ 
"14% engineer-m-trainmg; examination . . - j 

15 ^(3>. The applicant. shall have twoi additional- years of 

16 esngineering work experience.. 



17 (4) The . apphcant shall successfully ■ complete t&e; 
IB registration examination. -'/ . - 

19 . (b) Gradiiation.tmd examination. ^- / ■' ., >\ 

20 (I> The applicant . shall graduate from] a 

21 board-approved educatiojn' program.- . . V - ^ .•: 

22 (2) .The ferigineei:-iij,-training examination is waived 

23 upon' graduation, from a " board-approved Wucation^ 

24 program, with at minimum grade point average to be 

25 determined by this board. . .y -.- • . t' .. -j 

26 (3) The applicfant shall successfully complete the 
" 27 registration examinatiori. , • . - k 

28 . (c) Conu'ty.- ^'i ^ • .- 

29 (I) The board shall grant regisbatio^ to engineers 
•30 '.registered in states where registration requirements are . 
31 similar to or more exacting than California requirements. 

= 32 6756.^ E^ch year • of study • completed without 

33 , graduaition in an engmeering school gr college where the 

34, curriculum has bc6n approved ty the . board shall count 
. 35 as one-half year of experience, except that applicants for 
36- engineering registratioh shall not receive cffedit for more 

37 • than four years, of experience because of undergraduate 

38 educational qualilicationsj The board may atit^discretion 

39 consider graduation in- a.' nonaccredited engineering 

40 curriculum, as eqirivalent to not more than twa years 
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. ■ 1, , experience.. • , ■ 

2 6757. ■ The- board nocay cohsidfer the ' professional 

3 ' experieitce and education acquir^ by applicants Qutside 

4 the United States- which in die opinion of the boarcl is 

k equivalent to the minimum requirements on the Doard ♦ 
established by^egulation for professional experience and 

I education in this state. ' v* • - 

^ 8- 675TJ. The board shall by rule establish the criteria to 

9 be used for approving'curricul^.o<«^hools of engineering. 

10 6758. WiUi respect ta applicants for registration as/ 

11 professional engineers,; the board ipty: ( - ^ 
\~ 12' (a) At its discretion give credit' as experience not in 

13 excess of one year, for^sati^Eactory postgraduate work in 

14 a school of engineering where the curriculum has been 

15 approved by the.bgard. • . " * . - . 

— 16 • . (b) Consider engineering teaching, if of a character 

17 satisfactory ta the board; as engineering- experience. 

18 6758.5. All applicants shall be given equaLdredit for 

16 engineering experience in the armed' forceSMsf United 

20 States as with . any pther compJirable engineerings 

21 experience; . > . ♦ - 

22 ' 6759. Examination for registration shall be held at 

23 such times and places is the board shall determine. 

24 \ 6759.5. (a) "fiie registration examination shall consist 

25 of two eight-hour sections and sh^^ of the naturi^ that 
,26* engineering experience on the pSt of the applicaitt will 

27 be required in /order to pass both, sections of the 

28 examination, The two sections of the examina'tion shall 

, 29 be-. • ■ - . " 

30 • (1> Sec^oh I: Computagtional engineering concepts — 
31 ' tests for proficiency ii\ engineering technical areas; 
Z% (2) Section Ilr.Erofessional practicia— comprehensive 
33 examination of the application of technical knowledge 
^^^^ 34!-=witlrin technical and nontechniqal parameters of 
^^"--35 engineering practice; 

36 (b) The purpose of the registration examinaticm is to 

37 establish jninimum. qualifibations for.. a registered 

38 engineer. Both sections 'of thp examination, shall be 

39 equally weighed and the applicant must pass both 
I 40 sections in order to become registered. Each section shall 
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^'1 be at least eight hours in length and both sections must 

2 be , taken within, reasooafie period of time to be 

3 established by the board. v 

4 . 6760. An applicant' for certification ^as 

. 5. engineer-in-training shall, iipon toaldng a passing grade 

5 in the examination relatlhg tp flmdamental 

T ' subject^beisfued a certificate as an engineer-in-training, 
v / S: No renewal or other fee, other than the application fee, 
- shall be charged for this certiffcation-. Such certificate, 

10 ^shalf Ibecom^e invalid when the holder has- qualified as a 

11 professional engineeras pi:ovided in $<fbtion 6755.5. . • 

f ,^T&)JS. An engineet-in-training ccitificate does hot 
authorize th e-ho lder thereof to practice or offer to* 
14 practice engineering- or to assume responsible charge of 
IS\ engineering work, in his own right, or to use the title 
.. Id :specified injSection6738.. . " j 
--17' ' 6761. An applicant failing in an examination may be 
18 -..examined again upon filing a new application and the 
;19 payment of the application fee fixed by this chapter. 
2& 6761.5. The board, upon application therefore on its 
• 2r presaibed form, and the payment of the application fee 
2^ fixed bj^.this chapter, which fee shall be retained for the 
23- board, may issue 'a certificate* of registration as a 

24 profe^onal engineer, wijthbut written examination, to 

25 . any petsbh holding: a certificate of registration issued to 

26 him by any "state or country when the ' applicant s ^ 
2T qualifieatibns meet the. requirements of this chapter, as 
28; specified in Section. 6755.5, and rules established by the 

29 board . ' . . * , 

30 6762. A\ temporary authorization for the practice of 
.31 -engineering may'be granted, for a specific project, upon 
-32. applida^tion and payment of the fee prescribed in Section 

33 6773^ for^a^perjod not to exceed 60 consecutive days in 

34 any calen^fiir year; provided: / 

35 (a) The applicant maintains no place of business in this 
•'3^ state- 

3T* * (b) The applicant is legally qualified to practice that 
38 * branch of engineering in the state or country where he 

36 mamtains a place" of business. • • 

40 (e) The applicant demonstrates by means of an 
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I' individual appelarance before tl^e board satisfactory 

2 evidence of hifr knowledge of the application of seismic 

3 forces in the design of -structures or adequate knowledge 
4^ tin any of the othei: phases of professional engineering for 

5 which the applicant proposes ta. practice under the 

6 temporary authorization^ .v • 

. 7 ^d> If die applicant caa satisfy the bMrd that for the 

8 completion of the speci% proj^t^or which the 

9 authorizatipn is granted, will fequfre' more thaix 60 

10 consecutive calendar days, the boird may extend the 

11 authorization' to a period not to exceed 120 consecutive 
1,12. days. ' ^ /'^y, - - - , • 

13. .i .Upon cotbpletion of tfiese requirements as nec^jssary) 
14' the secretary on- direction oiF the- board shall issue a 

15 temporary authorization to the applicant . * . ' 

16 ' 6762J. In determining the . qualifications of an 

17 applicant for Registration^ a majority vote of the board is 
18^ required. y ' -''^ ' 

19 6763. Any applicant who has passed the examination 

20 and has^otherwise qualified hereunder as a professional. 

21 engineer; shall have a. certificate of registration issued^to 

22 him as a professional engineer.. , > \ . ' ' - 

23 6763.5. I£an applicant for registration a3 a professional 

24 engineer is found by the tioard to lack* the qualifications 

25 required .for admission, to^ the examiiiation for such- 

26 Registration,., certification, -or authorization, the board: 

27 shall; notwithstanding the provisions of Section 158of this 
28 ' code, refund to him. one-half of the' amount of his 
29f application fee. \ - ' . * . > » ^ 

30 v^6764. Each professional engineer registered under 

31 >this chapter, may, upon^registration,-obtain'a seal^of the 
32. design authorized by the board' bearing the teg^trant's 

33 name, ^ number of his . certificate,^ and the legend 

34 -^professional engineer." • ' > . ' ^ 

35 6765; A dupiicate certificate of registration tpTeplace 

36 one lost, destroyed, or mutilated may be issued subject to 

37 the niiles and regulations of the btfard. Thei duplicate 

38 certificate^fee. fbced by tins chapter shall be cnarged. 

39 6766. An unsuspended, unrevoke and unexpired 

40 certificate an4 endorsement of registiy made under this 
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. I chapter, is presumptive evidence in all courts and places 
2. that tire person named therein is legally registered. 

4 .(Article 6. Dis^plinary jProccedings 

6 6770: TJie board may receive and investigate 

7 compl^ts against registered professional engineers, and 
0 make findings thereon. . . . • 

9 By a majority vote, the board may reprove, privately or 
10 - pubUcIy; or may.suspend for a period not to exceed two 
.U. years, .or naay" revoke the certificate of any professional 
12 engineer registered hereunder: . . 

la J») Who has: been convicted bf a felony,, arising from 
M or m connection with the practice- of engineering, or of 
ic- * "S^ involving moral turpitude, in which case the 
l& certified ^record of conviction shall be conclusive 
IT evidence thereof. 

18 (b). Who has not agoedscharacter. 

19 j(c) Who has been fbund^ guilty by the board of any 

20 deceit, misrepresentation, violation of confa^ct, fraud, 
21. negfagence or incompetency in his practice. 

^ (d) Who haarbeph found guilty of any fr^ud or deceit 
^ ,in obUining his certificate or violation of any pro vision of 
24 this chapter* . , ' - ' • . 

.25 ■ (e) Who aids or- abets any. person in the violation of 
26 any provisions orthis chapter. 

H iS» violates'any provision of this chapter - ' 
28 6771, The proceedings, under this article shall be 
» conducted in accordance with Chapter 5 of Part 1 of 

30 DiviMon 3 of Tide 2 of the Government Gode, and the 

31 board shall hgve all the powers granted. - ■ ■ 
^ 6772. The board . may reissue a certificate^ of 

33 regjstaation, certification, or authority, to any person 

34 whose certificate has been revoked^ a majority of the 

35 members of the board vot6 in favor of such reissuance for 

36 reasons the^board deems sufficient, 

S ^ P^®* or verdict of guilty or a conviction 

3» following, a plea of nolo cqntendeM made to a charge of 

39 a fiftlony is deemed to be a convict within the meaning 

40 of. this article. The board may order the certificate 
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• i suspended or' rerrokedi *or may decline to issu^ 'a 
2 certificate^ wKen Jiie time For appeal has^ elapsed, or thi^ 
^ judgment of CQisvaction. has been affirmed on appeal or 

4 when, aio, ordec. spranting 'probation is made suspending 

5 :theimposi^h;o£ sentences ii^^ af subsequent' 
6;y order tiui^lertheproyiaons^Q&S^^ti^ 1203.4 of the Peiial 
t, Code allowing ^ch .i^^ his plea of ^guilty 
8t and ta enteir^ ^ plea, of noVguilty^^or setting aside the 
.9 ,yexrdictv ..^^^ 




r . 15r authoni^i^ i^^ ^oliattjdxis of ^.proyisions/of this 

IT . 677& ' ftlS thef dtrty^pf thei^spective officers charged 
. 18^- with :Ae^-en£brc€Waen^^ laws .and ordinances to 

19. prosecqte aU'persotuMJi^rge^^^ the violation of any of 
,20 . the provisions* of tto . 

21 ' It is:* the duty oC^e secretary bf th^ beared under the" 

22 dircctiou-:.ofi th^/^^ in the- 
^ .en^rcement^of c ^f-i^V/ vr*"-:' :^ 

.24 *\ 67Tr.. .Every persdn.is.guilty of'a^misd^ and for 

25r eacb offense of whicbhe convictedos puziishable by a. 
26 fine of not more than (jh^^ hundr^^^ C$500) or by 

27^ impri$oncdent;not ta exceed*^tiuE^ jinontbs^ or by botb 
28 fine andiinqpris^ . 
.'2S\ ^ (aV V^^o^^unle^ registration under 

30^ /th^chap^er;pnuDtices^or o£re^^ engineering in 

31 this jrt^tejLixpr^ing chapter. 
3Sl Mathcnit fegaj^wim / 
t334.. L^[l^.Whc^^^ oWn the 

' 34 /'(?ero^ df^fegistr^tfonr of wokheh^^ . ^ \ - . 

35 ■ .1. (p) . Who givesiisilse evidence of 'a^^ kind to the board, 

36 or to any member theriwf».jLniObt^ or 
\yrl re^stration. ■.: 

38 . (d), .W^t> impersonate pr, uses. the seal: of any other 
' 39; practitioner..^ ' ^ 
'"40 " . . {i^s Who.' usesTatt:^^^ 9r;.^^voked .certificate o£ 
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1 registration. ■ 

2 (0 Who shall represent himself as, or use the title of, 
.^3 restored' or professional engineer, or any other title 

4 whereby such person iould bi considered as practicing 

5 or offering' to practice engineering, unless he is 

6 correspondingly quaURed by registration as an engineer 
•7 under this^chapter. , . • " • 
. 8 . Who, unless appropriately registered, manages, or 

conducts as manager, proprietor,, or agent,, any place of. 
. -10 bu^iess..fram which engmeering. work ris. solicited, 
; 11 performed or practiced. ^ 

12 i; (h^ Who uses the title,, or any combinatibn of such 
.13 tiue, of "professional, engineer* " '*re^tered engineer," • 
• 14 or "engineerrin-traimng,'* or " who makes -use of any 
' abbreviation of such title which might lead to the behef 

16 that he is a registered'engine€jr,: without being registered 

IT . as required by this act. , ; \ / . .- ; ' 

1* «; (i) Who violates any provision of this chapmen 

20 .. ' . - .. . .Article 8. Revenue ■ . . . ■. '. ..■ ' 

6780. Certificates of registration as a profesdonal 

23 engineer, and certificates ^f. authority expire -at 12 

24 midnight on June «0 bfeach even-numbered year; if not 

renew, an unexpired certificate,- the 
26 certificate holder shallo on or before June 30 of each 
27" evenr-numfaered' year, apply for renewal on a" form 

28 prescribed by the board, and pay the renewal fee 

29 prescryied by this, chapter. • . :- 

30 6781. Except as otherwise prqvided in this article, 

31 certificates of-registration as a professional engineer, and 
32. certificates, of authority may. be renewed at any time 
33 within- five years after expiration on filing o£ application 
.34 for renewal on a form prescribed by the board and 

35 .payment of the renewal, fee in effect on the last 

36 preceding;.regular. renewal, date". If the certificate is 
.37 renewed. morte than .30 days after its expiration, the' 

38 certificate holder, as a condition precedent ta renewal, 

39 5hall also pay. the delinquency fee prescribed by this 

40 chapjj^r. Renewal under this section shall be effective on ' 

> , • ■ ' ' t • ' 
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, l the date on which theiapplication is filed, on the daje on 

2 which the renewal fee is patid, or on the date on which the 

-3- delinquency fee, if any\kpaid, whichever last occurs. If 

4 so renewed, tne certflcate shall continue in effect 

5 through the date provided in Section 6780 which next 

6 occurs after the effective date o£ the renewal, when it 

7 shall expire if it, is not again renewed. 

8 6782, A suspendcfd certificate is subject to expiration 
9^ and shall be renewed as provided in'this'article, but such 

10 renewal does not entitle the. holder '^bf the certificate, 

11 while it remains suspended" and uiitil it' is reinstated; to 

12 engage in the activity to which the cei^cate relates, or 
13 ' in any other activity or conduct in violation of the order 

14 - or judgmeiat by which it was suspended. 

15 . 6783. A revoked certificate is subject to expiration as 

16 iJirovided in this article, but it may not be. renewed. lip it 

17 is reinstated after its expiration, the holder of the 

18 certificate^ as a condition precedent to its reinstatement, 

19 shall pay ^ reinstatement fee in' ah amoimt equal to the 
20^ renewal fee inject on the last regular renewal date 

21 before the date on which it is reinstated, plus the 

22 delinquency fiee, if any, accrued ait the time of its 

23 revocation. .. " . ■ ' •^ - N<^ 

24 • 6784... Gertiffcates of registration as a professional 

25 engineer, which are not'renewed within five years after 

26 expiration may not be* renewed, restored, reinstated, or- 

27 reissued thereafter. Hie holder of $|»ch certificate may 

28 apply for and obtain a new certificate; however,, if: 

29 (a) No fact, circumstance, or condition exists which, if " 
3a the certificate were issued, would justtfy its revocation or 

31 suspension, - ' • 

32 (b) He takes ?md passes the examination, if any, which 

33 would be required of him if he were then applying for the 

34 certificate for the- first time, or otherwise estabUshes to 

35 the satisfaction of the board that, wijdi due regard for the 

36 public intdrest, he is qualified to practice engineering, 
37" and • . " 

38 (c) He pays all of the fe^ that would be required of 

39 him if he were then applyiiig for the certificate, for the 

40 first time;.; . . \ • • . * 
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■ t . The board may, regulation, provide for the waiver 
2 or refimdofaUorany part of the application fee in these 
.3 cases iii whioK a ciertificate;. is- issued without an ; 
4 examiriiation pursuant tath^ provisions of this section. ' 
5' .- -6785; -The department, shall receive and account for ! 
.6 alljmoney derive^ from the operatwn-bCth^ : 
7 at the end of each month, shall report such money to the 
: . 8 State C^n'tfoller and shall payl:i^. to .^e Stated Treasurer, 

9: wha shall ke^ the money in4'separate fund fctiown as ' 
. 10 the Professional Enginefert t^mdi This; ftmd shall be 
11' expended in accordance with law for the payment .of all ' 
11^ actual-and necessary- dcpehs^ incurred m carrying dut "* 
-137 *e provisions o£ thii chapter4 ^ ' • , ^ r ... | 
. 14 ' - 6786i r.The department may^ihake reftmds of all fees in i 
,7l5.accotdance with Section. 158. . ^ ' r ' i 
_16.,. . 6787r -The amcunt of the fees prescribed by this ^ 

IT- chapter shall be fixed by.thebdiurdinaccfordance with the i 
^'XS* following schedule:- \ -..iy.< - 1::];^--'.'-*^^'- '-^ . -.^^^ , j 
19: ; (a) ITiefee for filin^g'eacEappliea^oafor^ 

20 as a prof^onal ishgineer at not more than-sixty dollars '. 

21 ($60) , : and for each, application for - certification as : 

22 engiheer-in-traimng-at not more tfiaii forty doUary ($46). ' 
23: ■ (by The duplicate certific^ite fee at not rtore than, six, 
24 .dollars- ($6),\ ^■^ '- vi^r'-.^r^i^i'^c^C; ; "; 

23 (c) The temg«^iuy ;pegist3atiW 

26 engineer at n6t .more thait-twenty>dbl|ars (^) / . t 

27 (d)rThe^reiiewal fee for professionaf engineef shall be' 

28 ..fixed by tlj^ ijoard Atnot mor^ flufti twenty dollars ($20)'. ^ 

29 (e)' ThedieliriquencyfJicforacertificatiewhichexpires 

30 after June 30, 1961,,is aia amount eqtiid taSO percent of the ' 

31 renewal fee in effecton tfee,dattf of its reinstatement 
32. SEC. 3.. The'suin nf :.: ^ MnB^ ( y' " y i^r. 
.33 fiereby appropriatedfroni the Cenerai Fund to the State . 

34 Controller for allocation . and' disbursement to local 

35 agencies pursuant to Section 2231 of the Revenue and ' 

36 Taxation Code to rieiinburs^ such' agpndcs for costs; 

37 incurred by them pursuant to this act./ ' ! • 

■*-C- . V ■ " ■ •■ > ' '"■'.'••■7 't'' — .'^<'' ... .. 
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FIVE-YEAR PLAN FOR POSTSECONDARY EDUCATION 

The necessity for coordination and planning in postsecondary 
education has been given attention in the formation of public policy. 
The California Education Code and the Five-Year Plan for 
Postsecondary Education : 1976-1981 . contain the nec-essa?y ilii^etus 
for the formation and adoption of the engineering Advisory 
Committee. The following Code provisions relate to the Commission on 
PostsecondaV'y Education: - 

. ". . .To assure the effective utilization of public 
postsecondary education resources, thereby eliminating waste 
and unnecessary duplication,' and to promote diversity, 
innovation and responsiveness to student and societal needs 
through planning and coordination." 

. ". . .to facilitate 'participation of faculty members, 
students, administrators, and members of the general public in 
carrying duties and responsibilities. "' 

The Code has further defiled Commission functions and 
^responsibilities, under Section 22712. Those sections most 
applicable to t(je concept of the Engineering Advisory Committee are 
presented herein: . • - 

['^^ "The Commission shall have the following functions and 
responsibilitiesTn its capaciiy as the statewide postsecondary 
education planning and coehfdinating agency and adviser to the 
Legislature and Governor:*. : 

"(2) It shall prepare. a five-year state plan for postsecondary 
education .... In developing such plan, the commission shall 
consider at least the following factor.s: 

(a) the need for a location of new facilities,. 

(b) the range and kinds of programs appropriate to each 
j'nstitution or system, 

(c) the budgetary priorities of the institutions . and 
systems of postsecondary education, 

(d) the ijnpact of various types and levels of student 
charges- on students and on postsecondary educational 
programs and institutions, 
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(e) appropriate levels of state-funded student financial 
aid, - 

(f ) access and admissions of students to postsecondary 
education, 

(g) the educational progr;ams and resources of private 
postsecondary insiitutions, and 

(h) the provisions of this division differentiating the 
functions of the public systems of higher education. 

, « 

"(8) It shall serve as a stimul.us to tjhe • segments and 
institutions of postsecondary education by projecting and 
identifying so'cietal anctg^ducational needs and encouraging^ 
adaptability to change. >^ 

'*(9) It shall develop and submit plans to the Legislature and 
the Governor for the funding and administration of a program to 
encourage^' nnovative educational programs by institutions of 
postsecondary education. * 

"(11) It shall periodically review and make recommendations 
concerning the need for and a\/li lability of postsecondary 
programs for adult and continuing education. 

"(12) Lt shal 1 develop criteria for evaluating the 
effectiveness of .all aspects of postsecondary education. 

"(21 ) It may undertake such other functions and 
responsibilities as are compatible with i.t^ role .as the 
statewide postsecondary education planning and coordinatiog 
agency." 

The Engineering Advisory Committee would enable the Commission to 
fulfill more effectively its broad responsibilities and perform its 
varied functions as outlined in the California Education Code . The 
proposed system woul?l.a-lso make possible the accomplishment of State 
goals for postsecondary education found in the Eive-Year Plan for 
Postsecondary Education in California : 1976' 1981 . Ihese include: 

Encourage^ the increased effectiveness of accreditation of 
postsecoridary education institutions in the State; 

Encourage postsecondary education \o develop a comprehensive 
system of valid measures for knowledge gained both inside ^and^ 
outside formal academic programs: 



J-2 



307 



Encourage the establishment of educational requirements for 
.licensure that ^re appropriate and reasonable in certifying 
occupational competency and the development of me^ns for 
meeting these requirements including both educational programs 
and. competency testing; and ^ 

Work toward public understanding of' the, nature and 
significance of academic degi;e€is, including' their strengths 
. and limitations as a measure of ability and skills. 

Finally, under^ Section 22710.5. Chapter 5.5 of frhe California 
Education Code, • ' > \ _ 

"The comm.issidn may appoint such subcommittees or a^isory 
committees as it deems necessary to advise it on matters of 
educational policy. ^ Such- advisory committees may con*sist of 
commission members or non^members or both, including students, 
faculty members, segmental representatives, governmental 
repre^^entatives, and representatives df the public." 

Thus, the California Education Code contains the elements necessary 
for the establishment tf the Engineering .Advisory Committee within 
the Commission. 
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